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D E P A R T M E N T OF tHE AIR FORCE
DEPARTMENT OF LIFE AND BEHAVIORAL SCIENCES

USAF ACADEMY, COLORADO 80S40

Young/2720; 13 November 1974

SUBJECT! Herbicide-Radioisotope Degradation Studies, University of Hawaii

:TO: :LGPC

1. In support of EFLC Disposition of Herbicide Orange, the Department
of Life and Behavioral Sciences has been conducting extensive investi-
gations into the chemical/microbial degradation of soil incorporated
Herbicide Orange. To obtain final confirmation on the completeness of
the degradation process, it has become necessary to initiate radio-
isotope studies of the component herbicides in three(3) soil types.

2. Recently, a unique technique for studying bib-logical degradation of
herbicides was developed by the Department of Agronomy and Soil Science,
College of Tropical Agriculture, University of Hawaii at Manoa. This
technique involves a complex incubation system that accurately measures
the breakdown of radioactively-labelled herbicides. At this time, the
Soils Laboratory of Dr. Burton L. Koch> is the only laboratory with the
required equipment and methodology (see attached Sole Source Justification)
to perform the necessary research. It will be necessary to examine six (6)
soil samples .for their ability to degrade rinĝ -labelled 2,4-D and
2,4,5-T herbicides (the two companies of Herbicide Orange). Two of
these soil samples are from Johnston Island, two are from Hill AFB, Utah,
and two are from Eglin AFB, Florida, In Dr, Koch's laboratory each soil
sample will be contaminatê  with 1,000̂  5,000 or 10,000 ppm of carbon-14
labelled 2,4-p or 2,4,5-T herbicide, Following determination of degradation
rates for each concentration of individual herbicide, it will then be
necessary to assess the degradation when both herbicides are present in
the samples. Examination of each chemical for three concentration rates
in six soil samples will require two 45-day degradation periods. The
total cost for labor, laboratory equipment and supplies, and preparation
of a final report (NLT 1 June 1975) is;;estimated at $4500,00, „

3. Request LGPC initiate immediate action on establishing this contract,
Funds for $4500.00 are available from Obligation Authority S75-64, However,
they must be commited prior to 3 December 1974.

W. Williams, Jr., Colonel, USAF \
Acting Department Head j!
Department of Life and Behavioral Sciences



ATTNOF:

D E P A R T M E N T O F : T H E A I R F O R C E
DEPARTMENT OF, LIFE AND BEHAVIORAL SCIENCES

USAF ACADEMY, COLORADO 80840

- ' li

' . 13 November 1974

SUBJECT: So]_e source Justification: Department of Agronomy and Soil Science,
• University of Hawaii, Labelled-Herbicides

TO;;
Degradation Studies

LGPC

The analytical services required on the attached "Request for Purchase"
(F73PR4317) are uniquely possessed by the Department of Agronomy and Soil
Science, College of Tropical Agriculture, University of Hawaii,at Manoa,
Honolulu, Hawaii 96822. Dr. Burton L; Koch, Director of the Soils Labora-
tory designed and constructed a manifold/incubation unit that continually
monitors the decomposition of radioisotope-labelled herbicides form soils.
Dr, Koch has" used this unit to evaluate decjompoeition herbicides in soils
for the United States Department of Agriculture and '(in. Spring 1974)
used the equipment to study degradation of Orange in a single sample for
the United States Air Force Environmental Health Laboratory, Kelly APB,
Texas. Thus, Dr, Koch hds the necessary equipment and experience to per-
form the required services. There isji to our knowledge, no other insti-
tution, commercially-available laboratory, or government agency that has the
equipment and expertise to conduct the required services in the manner
desired or in the time period required.

Alvin L.̂ 6uhg, Captain} USAF, Ph.D.
Associate Professor of Life Science
Project Officer

1st Indorsement

I Concur,

W. Williams, Jr,f Colonel, USAF
Acting Department Head
Department of Life arid Behavioral Sciences



WASHINGTOlUlATE UNIVERSITY
PULLMAN, WASHINGTON 99163

DEPARTMENT OF AGRONOMY AND SOILS

March 22, 1976

Captain Alvin Young
Department of Chemistry

and Biological Sciences
USAF Academy, Colorado 80840

Dear Al :

I would like to confirm my invitation to you to lecture to my graduate
class during your visit on April 12 and 13. We are planning to have
you give a seminar also probably on the 12th and the class lecture on
the 13th.

A number of professors would like to meet with you during your visit.

Yours truly,

T. J. Muzik
Professor

TJM:pw



D E P A R T M E N T OF THE A I R FORCE
THE DEAN OF THE FACULTY

USAF ACADEMY, COLORADO 80840

REPLY TO

ATTN OF: DFCBS (Captain Young/2720) 10 May 1976

SUBJECT: Trip Report, Washington State University, Pullman, Washington, 11-14 April 76

TO: DFCBS (L/C Klinestiver) n
DFCBS (Colonel Lamb) /̂ Il
IN TURN

1. At the invitation of Dr. Thomas Muzik, Department of Agronomy and Soils,
Washington State University, Pullman, Washington, the undersigned went TOY
to Pullman on 11-14 April 1976. The purpose of the visit was three-fold:
(1) to present a guest seminar to the faculty of the College of Agriculture
(2) to lecture to Dr. Muzik's graduate class and (3) to review previous
herbicide research results and to discuss limited contract efforts on chemical
studies of herbicide degradation products.

2. The seminar topic was "Dilemma for the Disposal of Herbicide Orange (atch
1) . I reviewed the various options considered by the Air Force for the dis-
posal of Herbicide Orange. Approximately 75 faculty and graduate students
were in attendance. The lecture topic was "Ecological Studies of Repetitive
applications of 2,4,5-T Herbicide and TCDD". I outlined how we conducted
the ecological research on Test Area C-52A, Eglin AFB, Florida, and the
results of that research program. Approximately 25 graduate students and
faculty members attended the lecture. Both presentations had been cleared
by the USAFA/OI and were part of the USAFA Speakers Bureau program.

3. In depth discussions were held with Dr. Raymond A. Gilkeson (soils
specialist) and Dr. H.H. Cheng (soil biochemist) on soil microbial metabolism
of Herbicide Orange. Dr. Gilkeson was especially interested in soil pene-
tration, while Dr. Cheng was concerned with the persistence of n-octyl. and
iso-octyl esters of 2,4-D and 2,4,5-T herbicides. Dr. Cheng felt that
Washington State University would be most interested in a contractual program
to determine possible degradation products in soil samples from the AFLC
Test Range, Utah, biodegradation plots. Discussions on the ecological ef-
fects of phenoxy herbicides on vegetation were held with Dr. Alvin G. Law,
Dr. Duane G. Miller, and Dr. Roland D. Schirman. A courtesy call was made
on the Department Chairman, Dr. James C. Engibous.

4. Funds for this TOY were furnished from AFLC Obligation Authority S76-154
and total led\ $336. 45.

ALVIN L. YOUNG, Captain, USAF 1 Atch
Associate Professor of Biological Sciences 1. Abstract
Project Officer



COLLEGE OF AGRICULTURE, VISITING PROFESSOR PROGRAM

WASHINGTON STATE UNIVERSITY

PRESENTS

THE DILEMMA FOR THE DISPOSAL OF HERBICIDE ORANGE

BY

A. L. YOUNG

AIR FORCE ACADEMY

Monday Afternoon 2:10 pm April 12, 1976

JOHNSON HALL 343

Dr. Young will discuss the problems involved in the disposal of
Herbicide Orange, the 2,4-D - 2,4,5-T herbicide left over from the Vietnam
War. There are approximately 2.3 million gallons of this material now
stored on an island in the Pacific Ocean. Some of this material contains
up to 10 ppm dioxin, a chemical which can cause birth defects. Dr. Young
will explore the options open to the United States in disposing of these
herbicides in a safe, orderly manner. Should they be utilized for weed
control, should they be buried, or incinerated or what? The hazards and
difficulties involved in long-term storage will also be discussed.



Ydimg/2730) 10 May 1976

RejN«, Wi*hi$gton.; State University, Pullman, Washington, 11-14

1. At th« invitation of Dr. Thomas Muzik, Department of Agronomy and Soils,
Washington State UnAve#fity, PttlltttBt, Washington, thf wlf«»lg*l<P
to Pullaan on u-14-Apvil 1076* The pafpoie of the >vf$i*^flii
(1) jte garoieat a gweit *«ttla»r te th* faeulty of ;--th» |0tl0ge ̂ 5o
(2) te lecture tfl,D»t Mueik's g^fn^te elatt.and (3) to y«ivi«w
herbicide research veiuH« and to 4|4@us« limited contract efforts on chemical

of herbieide degradation products.
. .

2, The soninar topic WM "15U,«Bfflft for the Disposal of Herbicide Orange (atch
1), I reviewed the VfB^^Kl .o||4pn« considered by the Air Force for the dis-
posal of Herbicide Orange, Approximately 75 faculty and graduate students
weye in attendance. f^J^W^r^rtf Wfts "Ecologlaal Studies of Repetit^e
applications of 2, 4, 5 -T Herbicide and TCDD". X outlined how we conducted
the eeolegioa ye«68^» wiftlfe Att% GvS2A» Bglih A^ fc^oyi4«, i®^ iie ,
results of that research program. Appifoxlmately 25 graduate students and
faculty memb»r* attended the lecture. Both presentations had bean cleared
by the USAfA/QI and weart pjirt *f the USAFA Speakers B36B?eau

.. .
3« la 4e$*th 4t»etts»4ons weape held with 0*. Rayino»d.A. fiilkesoa
specialist) and Dr. H.H. Cheng (soil biochemist) on soil microbial metabolism
of Herbicide ftrsnge, 0y, gllkeson was especially intetesfed in soil pene-
tration, while Or. Cheng was concerned with the persistence of n-oetyl and
Iso-OGtylvesftffs of 2,4-D and J » 4, 5-T herbicides, Df. Cheng felt that
Washington State University would be most Interested in a contractual program
to determine possible degradation products in soil samples from the AFLC
Test Range, Utah, blodegradation plots. Discussions on the ecological ef-
fects of phenoxy herbicides on vegetation were held with Dt* AJtvl^iQ» Law,
Dr, DuaneG. Miller, and Dr, Roland D, Schlrman. A courtesy call was made
©n the &«pft3ft»ettt Gh|iyj»»n, Dr» Ja»es C. Eaglbeus,

4* Funds foic this TM we»® fuimished from AFiC Obligatt0n Authority S76-154
and t«tnlted $S36.4S.

ALVJN I** YOUNG, Captain, W® i Ateh
Assoeiate^^ Ibrofessoi? ®f t|01̂ |ical Selenees i,



WASHINGTO^TATE UNIVERSITY
PULLMAN, WASHINGTON 99163

DEPARTMENT OF AGRONOMY AND SOILS

10 June 19J6

Dr . A . L . Young
Department of Chemistry and Biological Sciences
U.S. Air Force Academy
Colorado Springs, Colorado 80804

Dear Dr, Young:

In recent weeks, I have been corresponding with a student who has
just received his M.S. degree in weed science from University of Nebra-
ska and would like to study toward a Ph.D. degree with me here. It
occurs to me that this student would be ideally suited to conduct the
proposed research you had outlined to me during your April visit to
Pullman on the identity of metabolites from 2,4-D degradation. Thus,
I would like to pursue this possibility with you further.

I gathered from our conversation that if you could secure the funds,
you would want the research completed within a year. Therefore, you
would prefer a post-doctoral rather than a research assistant to conduct
this research. The advantage is of course in the efficiency of the re-
search output. On the other hand, because of the affirmative action
process in the hiring of full-time employee, whether temporary or perma-
nent, it would take at least six months before any position can be filled.
And the chance of obtaining a quality candidate is not always guaranteed.

If we opt for a research assistant, I would hope that the funding
would be for two years, but at a level comparable to one-year's funding
for a post-doctoral. This student from Nebraska seems to have had the
basics in analytical techniques and well-qualified background in academic
training. In this case, I will also be more involved with the research
of a graduate student than with that of a post-doctoral, and hopefully
the output would be comparable.

I know that you are still in the process of securing funds. Thus,
I may be putting the cart before the horse in suggesting the above arrange-
ments. However, I do want to explore with you this possibility before plans
become firm.

I have just completed a manuscript on the fate of 2,4-D in the soil
which we wish to submit to Weed Science for publication. I would appreciate
your review comments on it.

Sincerely yours,

HHC:kr
enclosure

0J

H..H. Cheng
Associate Professor
of Soils

X7



WASHINGTOrftlATE UNIVERSITY
PULLMAN, WASHINGTON 99163

DEPARTMENT OF AGRONOMY AND SOILS

August 19, 1976

Dr. A.L. Young
Dept. of Chemistry and Biological Sciences
U.S. Air Force Academy
Colorado Springs, Colorado 80804

Dear Dr. Young:

I was happy to receive your telephone call on 5 August informing
me that funds will be available for initiating a research project on
herbicide degradation in the soil. Concerning my travel to Colorado
Springs to work out details of this project, I have made arrangements
for traveling from Pullman to Denver on Friday, 3 September, arriving
Denver from Spokane on United Airlines Flight 726 at 11:04 a.m. I
have reservations to fly east from Denver on Saturday, 4 September,
leaving at 7:45 a.m. I -realize, that the stop-over will be a short
one, but hopefully we will have sufficient time to get our work done.
If the time is acceptable to you, I will let you make up our work
schedule as well as make arrangements to transport me to and from
Colorado Springs I

I have not yet received from you the background materials on
the proposed research. I have, however, checked with our Office of
Grants and Research Development about contractual terms. The overhead
is set at 46% of the salaries and wages. Currently we pay a 1/2-time
research assistant $5358 for 12 months. In addition, we have to set
aside 12% (or $643 in this case) for fringe benefits. This means a
total of nearly $8500. Another way to take care of the overhead is
to pay about 20% of the total for a grant in the $15,000 range. But
in our case, it will likely come out about the same. With the expenses
for space, utilities, administrative and clerical help so high these
days, I understand that even 46% is minimal. I hope that these figures
will help you to decide what level of funding will be needed to keep a
viable research program going.

Because of shortness of time, I regret that I will not be able to
meet with your classes during this visit. Perhaps arrangements can be
worked out for another time. I look forward to my visit to Colorado
Springs.

Sincerely yours,

v A / V O * H.H. Cheng
-f zf** ' Associate Prof^s^or

,, Soils
fl \010r\»-v ^ •""

HHC:kr



26 Aug 1976

Dr. H,H. Cheng
Associate Professor of Soils
Department of Agronomy and Soils
Washington State University
Pullman, Washington 39163

Dear Dr. Cheng '-, ;';' - •"••;••,. •--':-/"' . ... ' • • . " . ' • -•: •'.-/' '.-,-••---;

Dr. Mussikaiid i 5?©re . dflighted to receive your letter '
indicating yt>ur[,[ forthG6ming visit to the Air Force.;"AofUsswy.
We will meet, ybru'at' theV$enyeir' Airport on Friday, ' ' "
3 September I at lit04 am. Dr. Mussik extends an
to you^to stay at his home ©n fri4ay,night.
allow us to tour the Academy withi :you in the
discuss the proposed *<9s,ea3?̂ h program, and have a dinner
in your honor later in the evening. My wife and ,I will
take you back to Denver on Sattirday Morning "t 4 g-fptember,-
in time forryou to oatch your 7s45 am flight. v

I noted in your letter the requirement for $8,500 for a
research assistant. I'm not quite sure how we will need
to specify the contract S<K that I can sponsor two'grants
(totalling $8,500)»• We'll discuss that at th0 time of
your visit. As you know, the Air Force may soon be
releasing for sale over 1 million gallons of Herbicide
Orange and in all likelihood, four states will use this
material in reftwestation and brush control. Therefore,
I'm interested in the degradation of 2,4-D and 2,4,5-T in
four soils (from Washington, Wyoming, Texas, attd Oregon)
following a simulated spill (0 or normal field rate, 1,000,
5,000, 10,000 and 20,000 ppm of herbicide). We would want
to follow the acids, phenals, and other degradation products,
There are a number of possible approaches to tfeis problem
which we can discuss, we look forward to,seeing you next
Friday,

Sincerely^ " • .' - .'̂  ... • • ~ • - '-'"., .-',•'-' ,;. /-.'-: - ,'

AIiVIN L. YOUNG, Capt, USAP, PhD
Research Technical Advisor
Dept of Chemistry and Biological
Sciences



(Capt Sbunf , 2720) 15 Sep 1976

Herbicdds Degradation St^y, Washington Stata

1. In si^port of the AFIC DisposiUon of Herbicide Orange, the
Departm^t of Oranistay and Biological Sciences has been oc»K3«oting
eodMaisivie research into the f ata of Hea±>icide Orange in the en\djrant
In order to aseess the diPpact of & potential spill of Herbicide Orango
data on soil peorsistanc® and <fegradatic« are

2. RiKSiRfcly, Washington State univoarsity, Pullman, Washingtcai,
publi^efl data and a technique f cr dstorinining the field adsorption,
desorption, hydrolysis and breakdown of coracesxdally f c»nt^ata3 iscoctyl
ester of 2,4-D. die herbicide 2,4-D is one of two ocnponents in
Herbicide Orange, itoe other cotpound is 2,4,5-T herbicide. Dr. H.H.
Chea^, Departinant of Agronony and Soils, has been studying the fata of
2,4-& afc&-2-r4rJHT iit-tte-«Birijex«n^/^ y^ars. % and
his staff are uniquely qualified to conduct a laboratory and field
study of tha soil biao^^adatim

3. lis 4* pBO^psed that I^C initiate two <2) contacaots with
Sigs^ft i$ifaw&ix# &sc tM« pas? j«*»fe. IShe first contajaot «ouM
(a) establiahing a field and laboratory study, and (b) ocrif intdrtg the
initial cxancantratdjons of herbicide® at the time of establiahraent. This
phase of the research vrould be funded by a FT7T AFK: Obligation Authority
and would not exceed $4/950. Tlie second phase of the research will
involve detetnminii^ the degradation of th^
and 2,4,5-T) and the major degradatijon products during a one-year
pertoa. fbif phase will fee fonded by 3?S77 fisads and ndll be raad®
available to DK3S by Mffi after 1 October 1976,

4. Th® attached Sol® Source Jitstification and Bequest for Purchase
are provided for preparing a contract for Phase I of this project.
Funds aze ayailafela from Obligation Authority

, UiMB, Ool,
Profesaor and Head 1. Sole Source Justification
Dept of Chemistry and Biological Sciences 2. Request for Purchase



WCB&-X. (2720) _ 15 Step 1976

Sole Source Justification: Departnnent of Agrcsncm^ and Soils,
.State lMv»rslty, ̂

1. The analytical services required oa the attached "Request for
Purchase" (F73DFR6259-Q02) are mtiicpjeiy possessed by 1̂  D^arlsnKit
of Agronom/ and Soils, Washington State University, Pullman,
Washington 99163. Dr. H.H. Chang, Associate Professor of Soils,
vdll sarva a« the principal investigator for this project. Dr. Cheng
is internationally recognized for his research in soil aaa& pesticide
chemistry. He has developed specialized techniques for monitoring the
degradation of 2, 4~D and otfter 1̂
studies. He recently published a technique for using « roin
systaa to d®tyarndn© fi^ld adsorption, de
breakdown of conra^cially fonaulated isooctyl ©star of 2,4-D, His

• laboratojfy is 1̂1 equipped and staff ed to provide th© desired \
services within the specif ied time period. ' ; -

2. I5»?a is, to ear toewleiapr no other instdtufctbii,
available laboratory, or governmesnt agency that has t&e equipment
surd ea^iertiae t» cx^xic* til® required se^ in the raannear desired
or in |ŝ  tiros period reqpli?ed. ' •' " -

L. YQONG, Ca&tf IBSP 1 Afcdb
Resesarch '



INSTALLATION

• ; , ' . . , .Uni ted States Air Force Acaderty, CO 80R40
TO: CONWAaTN«OmcTir ' EGPC T~~~~~"~~~.~.*

ACF
fROM:

DFCDS

CONTRACT-PURCHASE ORDER
OR DELIVERY ORDER NO.

IT IS REQUESTED THAT THE SUPPLIES AND SERVICES ENUMERATED BELOW AND IN THE ATTACHED LIST, DE

PURCHASED POU

PFCBS
FOR DELIVERY TO

Capt Alvin L. Young
NOT LATER THAN

' 1 Dec 1976

ITEM 'DESCRIPTION OF MATERIAL OR SERVICES TO DE PURCHASED QUANTITY UNIT ESTIMATED
UNIT PRICE

ESTIMATED
TOTAL COST

A non-personal Services Contract for establishir
conf irmijig tlie initial soil concentrations of
in a laboratory and field study of the soil bioc
of,Herbicide'Orange. The field study will invo]
establishing .a raini-lysimeter study of three (3)
types at'two (2) concentrations of Herbicide Orr
(1,000 and 5,000 parts per million, -ppn) with il
replicates per treatment, therefore a 'total of ]
(3 soils x 2 concentrations x 3 replications),
•laboratory, study will involve the same three (3]
4 concentrations of herbicide (1, 1000,, 5000 anc
pp$i), and three (3) replications (for a total oi
samples) * ?: DSUBS will furnish the three soil ty
predetermined formulation' of ( Herbicide Orange,
recowttiendod analytical prccedure.; - ••:;,' * ,.,

From: f Dr. H.H. Cheng, Principal! Investigator ,
: "\•'"„'; Dept of Agronomy and Soils •.,/'•;'•

, 'i- , Washington State University ;; > ̂  >
:',;£;- 'Pulljmn, Washington- 99163" • ̂''!,,;; •";l::;.. "',,

g and v

rbicides
egradati
ve ' " .
soil.;

nge ',
ree (3)
8 plots
The. '•''••
soils,
10,000
36 ,
es, a1)-
nd a,

on

, • .

WBU Contracts','
i , - . ..: • „

jjte'i Jim fills', ,.'A.S9t Direct*
Off ice of Grants and

A

M'J
lopfnsi t

PURPOSE- i, ; . ' • ' . ' - ' " ' . ' " 'i ,• • • . ' • • , , • . •
iy,/.|*V"ilto support APLC Disposition of Herbicide Orange
AUTHORITY FOR PROCUREMENT ' , ,/;.,., ,, " ' , " ••,' ' *'''• ' ',' ,.'

D LOCAL PURCHASES AUTHORIZED AS THE NORMAL.^ ., "' v ' * pi REQUISITIONING DISCLOSES NONAVAILABILITY OF ITEMSV, 4 ,
, MEANS OF SUPPLY TOR THE FOREGOING B Y ' v :"' . ' " "« . , , LJ AND LOCAL PURCHASE IS AUTHORIZED BY ' ;,/ "i, ''*/

(3 FMEfiGENCY SITUAJIQN PRECLUDES USE OF REQUISITION CHANNELS FOR SECURING ITEM ',' :",«*;" • , i , < . ' • * '<? : ' . • " ' ' • ' • . "*

OAfE

1976' ,:,• •,;..
TYPED NAME AND GRADE OF INITlAriNG OFFICER ,..,.

ROBERT W. LAMB, Col, USAF ' '>
Professor and Head, DFCBS "V

SIGNATURE '?' , "\

•''• ;i"Ji e/?ftwy THAT ran mii'PUKs AND SWVKQS LISTED 'AUOVK AND IN THK Amount) JUST AKE i'ltoPiSRW. tARateApi,s ta TI'IB fot.t,ofrina
' TlWAVAn^nLEUAtANCGSpf WaiCit'AHK SUFFICIENT TO COVER TliKCOfrTUK'M^ '

TYPED NAI\(IE AND-GRAOE OF ACCOUNTING OFFICER -'•>.-$.•. '

i"; Vj,s, .i',; ' . - ' APPROVED- P.Y UASE COf^lMANpER OR;HIS IH'.SIGMF.E < , 7', /";' r,.;.!1' .;; ^.Ufe'. '̂J^.'A '. :l/Jilf"

REPLACES DA FORM 1«;U5 WHICH IS OBSOUTt IN THE UWf ,



CHECKED
BOX

APPLIES
) ORDER FOR SUPPLIES OR SERVICES

th
1, CONTRACT/ F*URCH ORDER NO.

REQUEST FOR QUOTATIONS NO. .
RETURN COPYIiesl OF THIS QUOTE BY

(THIS IS NOT AN ORDER. See DD Form USSrl

2. DELIVERY ORDER NO. 3. DATE OF ORDER 4. REQUISITION/PURCH,REQUEST NO.

PACE 1 OF

5. CERTIFIED FOR
NATIONAL DEFENSE
UNDER DMS REG 1

„„ ,S " / A

6~. ISSUED BYi

-orr t ce
7. ADMINISTERED BY: I'If Other than 61 CODE 8. DELIVERY FOB

I I

(See Schedule
if other)

9. CONTRACTOR/QUOTER

NAME AND
ADDRESS :

1PULLW3M FACILITY CODE

Washington State Uni varsity
Gffle* 0

WA,

1O. DE|_iVER TO FOB POINT BYl 1 I. CHECK IF SMALL
BUSINESS

n
12. DISCOUNT TERMS

MET
13. MAIL INVOICES TOl

SEE BLUE* J1
14. SHIP TO:

*• 1C MA* IB.* *CtENCCS

us mfe wt H*I
-co

15. PAYMENT WILL BE MADE BY:

fc£CD<lliTfl«& AilD 0FF1CC
MARK ALL

PACKAGES AND
PAPERS WITH
CONTRACT OR

ORDER NUMBER

1,6.

0 5
Ul Q

This delivery order is subject to instructions contained on this side of form only and is issued on another Government agency
or in accordance with and subject to terms and conditions of above numbered contract.

PURCHASE
,.

Reference your, , **' F P. B W f t w f S W ' , furnish the following on terms specified herein, including, for U.S. purchases. General Provisions

of Purchase Order on DD Form 1155r /EXCEPT CLA USE NO. IS APPLIES ONLY IF THIS BOX Q IS CHECKED, AND NO. 15 IF THIS BOX Q

IS CHECKED]; special provisions ; and delivery as indicated. This purchase is negotiated under authority of 10 USC

2304(a)(S) or as specified in the schedule if within the U.S., its possessions or Puerto Rico; if otherwise, under 2304(a)(6). I I If checked. Additional General Provisions ap-

copies.ply; Supplier shall sign "Acceptance" on DD Form 1155r and return

17. ACCOUNTING AND APPROPRIATION DATA/LOCAL USE

§t

18.
' ITEM NO.

19.
SCHEDULE OF SUPPLIES/SERVICES

2O. QUANTITY
ORDERED/
ACCEPTED'

21. 22.
UNIT PRICE

23.

jf^,

* // quantity accepted by the Government is same
as quantity ordered, indicate by X mark. If dif-
ferent, enter actual quantity accepted below quan-
tity ordered and encircle-

24. UNITED STATES OF AMERICA

BY: 0* Iff*

25. TOTAL

29.
DIFFER-
ENCES

26. QUANTITY IN COLUMN 2O HAS BEEN:

[~]|NSPECTED ("""j RECEIVED I I ACCEPTED. AND CONFORMS TO THE
•:' : ' ' CONTRACT EXCEPT AS NOTED

DATE SIGNATURE OF AUTHORIZED GOVERNMENT REPRESENTATIVE

36 . I certify.this account is correct and proper for payment.

27, SHIP. NO. ~ 28. D.O..VOUCHER NO.

PARTIAL

I I FINAL

32. PAID BY

31. PAYMENT

I I COMPLETE

| I PARTIAL

r \ FINAL

30.

INITIALS

33. AMOUNT VERIFIED CORRECT
FOR

34. CHECK NUMBER

35. BILL OF LADING NO.

37. RECEIVED 38. RECEIVED BY 39, DATE RECEIVED 4O. TOTAL CON-
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THIS PARAGRAPH APPLIES ONLY TO QUOTATIONS SUBMITTED;

Supplies are, of domestic origin unless otherwise indicated by quoter. The Government reserves the
right. to consider quotations or modifications thereof received after the date indicated should such
action be in the interest of tne Government. This is a request for information and quotations
furnished are not offers. When quoting, complete blocks 11, 12, 22, 23, 25. If you ate unable to
quote, please advise. This request does not commit the Government to pay any cost incurred, in
preparation or the submission of this quotation or to procure or contract for supplies or services.

GENERAL PROVISIONS

1. INSPECTION AND ACCEPTANCE • Inspection and acceptance will be at destination, unless
otherwise provided. Until delivery and acceptance, and after any rejections, risk of loss will be on the
Contractor unless loss results from negligence of the United States Government. Notwithstanding the
requirements for any Government inspection and test contained in specifications applicable to this
contract, except where specialized inspections or tests are specified for performance solely by the
Government, the Contractor shall perform or have performed the inspections and tests required to -
substantiate that Ihe supplies and services provided under the contract conform to the drawings,
specifications and contract requirements listed herein, including if applicable the technical
requirements for the manufacturers' part numbers specified herein.

2. VARIATIONS QUANTITY - No variation in the quantity of any item called for by this
contract will be 'accepted unless such variation has been caused by conditions of loading, shipping, or
packing, or allowances in manufacturing processes, and then only to the extent, if any, specified

-

3. PAYMENTS • Invoices shall be submitted in quadruplicate (one copy shallbe marked "Original")
unless otherwise specified, and shall contain the following information; Contract or Order number, ,° ,
Uem number, .contract description of supplies or services, sizes, quantities, unit prices and extended
totals. Bill of lading number and weight of shipment will be shown for shipments on Government
Bills of Lading. Unless otherwise specified, payment will be made on partial deliveries accepted by the
Government when the amount due on such deliveries So warrants.

4. DISCOUNTS - In connection with- any discount offered, time will be computed from date of
delivery of the supplies to carrier when acceptance is at the point of origin:, or from da(e of delivery
at destination or port of embarkation when delivery and acceptance are at either of these points, or
from the date the correct invoice or voucher is received in the office specified by the Government, if
the latter is later than date of delivery. Payment is deemed to be made for the purpose of earning the
discount oft the date of mailing of the Government check.

: 5. DISPUTES - (a) Except as otherwise provided in this contract, any dispute concerning a question
of fact arising under this contract which is not disposed of by agreement shall be decided by the,
Contracting Officer, who shall mail or otherwise furnish a copy thereof to the Contractor. This
decision shall _be final and conclusive unless, within 30 days from the date of receipt of such copy, the
Contractor rnaijs or otherwise furnishes to the Contracting Officer a written appea} .addressed to the"
Secretary. The decision of the Secretary or his duly authorized representative for the determination
of such appeals shall be final and conclusive unless determined by a court of competent jurisdiction
to have been fraudulent, or capricious, or arbitrary, or so grossly erroneous as necessarily to imply
bad faith, or not supported by substantial evidence. The Contractor shall be 'afforded an opportunity
tovbe heard and to offer evidence in support of his appeal, Pending final 'decision of a dispute '
hereundec,, the Contractor, shall proceed diligently with the performance of the^contract and in
accordance with the Contracting; Officer's decision, (b) This(-"Disputes" clause does not preclude
consideration of law questions in connection with decisions provided for in (a)'above, provided, that
nothing in this contract shall be, construed as making final the decision of any administrative official,
represent^'ive, or board on a question of law,

. 6. FOREIGN. SUPPLIES - This contract is subject to the Buy American Act (41 U.S.C. 20a-d) as
implemented by Executive Order 10582 of, December 17, 1954, and any restrictions in appropriation
acts on the procurement of foreign supplies.

7. CONVICT LABOR - The Contractor agrees not to employ for work under this contract any
person undergoing sentence of \mprisonment at hard labor.

8. OFFICIALS NOT TO BENEFIT • No member of or Delegate to Congress or resident
commissioner, shall be admitted to aqy share or part of this contract, or to any benefit that may arise
therefrom, but this provision shall not be construed to extend to this contract if made with a ,
corporation for its general benefit. . , - '

"' .' , ; ' ,
9/COVENANT AGAINST CONTINGENT FEES - T h e Cqntractor warrants that no person or
selling agency has_ been employed or retained (o solicit or secure this contract iipon an agreement^
understanding for a commission, percentage, brokerage, or contingent fee, excepting bona fide
employees 01 bona fide established commercial or selling agencies maintained by the Contractor for
the purpose of securing business. For, breach or violation of this warranty the Government shall have
the righi to annul this contract without liability or.in.its discretion to deduct from the contract price
or consideration or otherwise recover, the full amount of such commission, percentage, brokerage or
contingent fee.

10. GRATUITIES • (a) The Government may, by written notice to the Contractor, terminate the
right of the Contractor to proceed under this contract If it is found after notice and hearing, by the
Secretary oi his duly authorized representative, that gratuities (in the form of entertainment, gifts or
otherwise} were offered or given by the Con tractor, or any agent or representative of the Contractor, to
any officer or employee of the Government with a view toward securing a contract or securing
favorable treatment with respect to the awarding or amending, or the making of any determinations
wuh respect to the performing of such contract, provided, that the existence of the facts upon which
Ihe Secretary or his duly authorized representative makes such findings shall be in.issue and may be
reviewed in any competent court, (b) Jn the event this contract is terminated as provided in paragraph
(a) hereof the Government shall be entitled (i) to pursue the same remedies against the Contractor as
u could pursue in the event of a' breach of the contract by the Contractor and (ii) as a penalty in
addition to any other damages- to which it may be entitled by law to exemplary darnages in an
amount fas determined by the Secretary or his duly authorized representative) which shall be not less
ihan three nor more than ten times the costs incurred by the 'Contractor in providing, any such
gratuities to any such officer or employee, (c) The rights and remedies of the Government provided in /
this clause shall not be exclusive and are in addition to any other rights and remedies provided by law t
or under this contract.

11. RENEGOTIATION • This contract, and any subcontract hereunder, is subject to the
Renegotiation Act of 1951, as amended (50 U.S.C. App. 1211 et seq.i a°d shall be deemed to contain
all the provisions required by Section 104 thereof, and is subject to any subsequent act of Congress
providing for the renegotiation of contracts.

12. CONDITION FOR ASSIGNMENT - This Purchase Order may not be assigned pursuant to the
Assignment of Claims Act of 1940, as amended (31 U.S.C 203, 41 U.S.C. 15), unless or until the
supplier has been requested and has accepted this order by executing the Acceptance hereon.

R E M A R K S ,

13. COMMERCIAL WARRANTY • The Contractor agrees that the supplies or services furnished
Under this contract shall be covered by the most favorable commercial warranties the Contractor gives
to any customer for such supplies or servicei and that the rights and remedies' provided herein are in
addition to and do not limit any rights afforded to the Government by any other clause of this
contract. "

14. PRIORITIES, ALLOCATiONSAND ALLOTMENTS DEFENSE MATERIALS SYSTEM - When .
the amount of the order is 1500 or more the Contractor shall follow the provisions of DMS Reg, 1
and all other applicable regulations and orders of the Business and Defense Services Administration in ,
obtaining controlled materials and other products and materials needed to fill this order.

15, FAST PAYMENT PROCEDURE -
(a) General. This is a fast payment oidei. Invoices will be paid on the basis of the Contractor's

delivery to a post office, common carrier, or, in shipment by other means, to the. point of first receipt

(b) Responsibility for Supplies. Title to the supplies shall vest in the Government upon delivery
to a post office or common carrier for shipment to the specified destination. If shipment is by means
other than post office or common carrier, title to the supplies shall vest in the Government upon
delivery ,to the point of first receipt by the Government. Notwithstanding any other provision of the
purchase order, the Contractor shall assume all responsibility and risk of loss for supplies (i) not
received at destination, (ii) damaged in transit, or (iii) not conforming to purchase requirements. The
Contractor shall either replace, repair, or correct such supplies 'promptly at his expense, provided
instructions to do so are furnished by the Contracting Officer within ninety (90) days from the date
title to the supplies vests in the Government.

(c) Preparation of Invoice.
(I) Upon delivery of supplies to a post office, common carrier, or in shipments by other

means, the ..point of fust receipt by the Government, the Contractor shall prepare an invoice in
accordance with Clause 3 of the General Provisions of Purchase Order, except that invoices under a
blanket purchase agreement shall be prepared in accordance with the provisions of the agreement. In
shipments by cither post office or common earlier, the Contractor shall either (A) cite on his invoice
the date of shipment, name and address of carrier, bjll of lading number or other shipment document
number, or (B) attach copies of such documents to his invoice as evidence of shipment. In addition
the invoice shall be prominently marked "Fast Pay." In caserof delivery by other than post office or
common carrier, a receipted copy of the Contractor's delivery document shall be attached to the
invoice as evidence of delivery.

(2) If the purchase price excludes the cost of transportation, the Contractor shall enter the
prepaid shipping cost on the invoice as a separate item. The cost of parcel post insurance will not be
paid by the Government. If transportation charges are separately stated on tha invoice, the
Contractor agrees to retain related paid freight bills or other transportation billings paid separately for -
a period of three years and to furnish such bills to the Government when requested for audit
purposes.

(d) Certification of Invoice. The Contractor agrees that the submission of an invoice to the
Government for payment is a certification that the supplies, for which the Government is being billed
have been shipped or delivered in accordance with shipping initru,ctions issued by the ordering
officer, in the quantities shown on the invoice, and that such supplies are in the quantity and of the
quality designated by the. cited purchase order.

OUTER SHIPPING CONTAINERS SHALL BE MARKED "FAST PAY"

16. (This clause applies if this contract is for services and is riot exempted by applicable regulations
of the Department of Labor.) \ ' • • -,

SERVICE CONTRACT ACT OF 1965 - Except to the extent that an exemption, variation, or.
tolerance would apply pursuant to 29 CFR 4.6 if this were a contract in excess of $2,500, the
Contractor and any subcontractor heieunder shall pay all of his employees engaged in performing
work on the contract not less than the minimum w&ge specified under section 6(aXO of the Fair
Labor Standards Act of 1938, as amended ($1.60 per hour). However, in cases where section 6(e)(2)
of the Fair Labor Standards Act of 1938 is applicable, the rates specified therein will apply. All
regulations and interpretations of the Service Corilra,ct Act of 1965 expressed in 29 CFR Part 4 are
hereby incorporated by reference in this contract. . •

ADDITIONAL GENERAL PROVISIONS

17. CHANGES - The Contracting Officer may at any time, by a written order, ahd without notice
to the sureties, make changes, within the general scope of this contract, in (i) drawings, designs, or
specifications, where the supplies to be furnished are to be specially ^manufactured for the
Government in accordance therewith; (ii) method of shipment or packing; arid (iii) place of delivery.
If any such change causes an increase or decrease in the cost of, or the 'time required for performance
of this contract,^ whether changed or.not changed by any such.order, an equitable adjustment shall be
made by written modification o'f this contract' Any claim by the, Contractor for. adjustment under
this clause must be asserted within 30 days from the date' of receipt by. the Contractor of the
notification of change provided that the Contracting Officer, i£ he decides thai the facts justify such

"action, may receive and act upon any such' claim if > asserted prior to final payment, under this
contract, Failure to agree to any adjustment shall be a dispute concerning a question of fact within

• .the, meaning of the clause of this contract entitled "Disputes." However, nothing in this clause shall
excuse the Contractor from proceeding with the contract as changed-

18. TERMINATION FOR DEFAULT • The Contracting Officer, t>y written notice, may terminate
this contract, in whole or in part; for failure of the Contractor to perform any of the provisions
hereof. In such event, the Contractor shall be liable for damages, including the excess cost of
reprocuring similar supplies or services; provided that, if (i) it is determined for any reason that the
Contractor was not in default or (ii) the Contractor's failure to perform is without his and his
subcontractor's control, fault or negligence, the termination shall be deemed to be a termination for
convenience under paragraph 19. As used in this provision the term "subcontractor" and
"subcontractors" means subcontractors at any tier.

19, TERMINATION FOR CONVENIENCE • The Contracting Officer, by written notice, may
terminate this contract, in whole 01 in part, when it is in the best interest of the Government. If this
contract is for supplies and is so terminated, the Contractor shall be compensated in accordance with
Section VIII of the Armed Services Procurement Regulation, in, effect on this-contract's date. To the
extent that this contract is for services and is so terminated, the Government shall be liable only for
payment in accordance with the payment provisions of this contract for services rendered prior to the
effective date of termination.

20. ASSIGNMENT OF CLAIMS - Claims for monies due or to become due under this contract shall
be assigned only pursuant to the Assignment of Claims Act of 1940, as amended /5/ U.S.C. 203,4!
U.S.C )5), However, payments to an assignee of monies under this contract shall not, to the extent

--• provided in said Act, as amended, be subject to reduction or set-off. (See Clause 12.)

ACCEPTANCE
The Contractor hereby accepts the offer represented by this numbered purchase order as U may
previously have been or is now modified, subject, to all of the terms and conditions set forth, and
agrees to perform the same.

NAME OF CONTRACTOR

S I G N A T U R E

TYPED NAME AND TITLE PATE SIGNED

DD 1155r REPLACES EDITIQN'OF I ALJG 66 WHICH IS OBSOLETE
GPO : 1969 0—362-551

69



STANDARD FORM 36, JULY 1966
GENERAL SERVICES ADMINISTRATION
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WASHINGTOrftTATE UNIVERSITY
PULLMAN, WASHINGTON «•§«?<? 1&4

DEPARTMENT OF AGRONOMY AND SOILS

15 October, 1976

Capt. Alvin L. Young
Department of Chemistry & Biological Sciences
U. S. Air Force Academy
Colorado Springs, Colorado 80840

Dear Al,

Just a note to remind you that up to now I have not yet received
any of the materials that you would send to me. With the cold weather
approaching rapidly, naturally we are anxious to have the field lysi-
meters installed before too long and have the experiments started. As
far as the contract goes, I believe that everything is in order. In
any case, we have already appointed the student to the job and have
begun preparations in the laboratory. The mini-lysimeters will be the
size of 5-gallon cans, approximately 28 cm in diameter and 30 cm deep.
A porous cup will be installed at the bottom of the can to both collect
the leachate and to control the moisture level so that we would not have
a perched water table. As soon as I receive the soil samples and the
chemicals from you, we should be able to set up the lysimeters in short
order.

We are also anxious to receive the background information you
have on Orange as well as all the extraction and analysis procedures
you have. Both the graduate student, Joe Majka, and my technician,
Frank Farrow are eager to test out the procedures before we embark on
the actual analysis.

In spite of these delays, we are still hoping to nfye everything GO
by 1 December, so that we could begin the second phase of the research.

Looking forward to hearing from you soon. Please convey my regards
to your family and to the Muziks! Let me know about your travel plans as to
when you come to Pullman.

Sincerely yours,

H. H. Cheng
Associate Professor of Soils

HHC:j ^
-S . J 4^ -̂vC !K*T/ K^ flskaA I«JL. >



Statement on Research Effort

The Soil Biochemistry Laboratory, Department of Agronomy and Soils, Washington

State University, under the direction of Dr. H. H. Cheng, has been engaged in re-

search on the fate of pesticides in the environment for the past several years.

Much efforts have been devoted to development of methodology for extraction and

analysis of pesticides in the soil and for examination of the mobility and degrada-

tion of pesticides under a variety of environmental conditions. A great deal of

background information has been collected on the behavior of the weak acid

herbicides in the soil, including 2,4-D and picloram, particularly under the

environmental conditions of the Pacific Northwest. Similarly, attention has

also been given to several substituted urea herbicides. The extensive infor-

mation developed on these benchmark pesticides should help in comparative studies

on the behavior of other related chemicals in the environment.

A list of selected recent publications from this laboratory is shown below:

Cheng, H. H. 1969- Extraction and colorimetric determination of picloram in soils.
J. Agric. Food Chem. 17:1174-1177.

Cheng, H. H. 1971. Picloram in soil: Extraction and mechanism of adsorption.
Bull. Environ. Contamin. Toxicol. 6:28-33-

Cheng, H. H., F. Fu'hr, and W. Mittelstaedt. 1975. Fate of methabenzthiazuron
in the plant-soil system. In F. Coulston and F. Korte, ed. Pesticides. .
Environ. Qual. Safety Supplement Vol. 111:271-276.

Ping, C. L. , H. H. Cheng, and B. L. McNeal. 1975. Variations in picloram
leaching patterns for several soils. Soil Sci. Soc. Am. Proc. 39: 470-473.

14Cheng, H. H., and F. 0. Farrow. 1976. Determination of C-labeled pesticides
in soil by dry combustion technique. Soil Sci. Soc. Am. J. 40:148-150.

Cheng, H. H. and F. Fuhr. 1976. Extraction of methabenzthiazuron from the soil.
J. Agric. Food Chem. 24:421-424.

Fuhr, F., H. H. Cheng, and W. Mittelstaedt. 1976. Pesticide balance and
metabolism studies with standardized lysimeters. Landwirts. Forsch. 29:
(i n press).

Wilson, R. G., Jr., and H. H. Cheng. 1976. Breakdown and movement of 2,4-D in
the soil under field conditions. Weed Sci. 24: 461-466.
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18 Oet 1976

Dr, H.H. Cheng
of Soils

of ;-
Wash&igton State WndLvsrsity
Pullman, m 99163

Dear Dr. Cheng - , - - - . -

cm "A Rapid Oas GhramtogrÊ h±c Method for the
Determination of Severed Phencn̂ alkanoic AcidaHerbicides in Soil
Sawplos1? Is sufcndtlsea to you to assist in your aialyeis of 2/4-D and
2, 4, 5-T herbicides.

You should liavis now reoei'V'ea the soil from gaming. I'll be on TO5f
to Gulfport, MS, this week and will forward to you the Orange
Herbicide and the additional soil sarrples.

•The FY77 funds I requested have been received and I will be
negotiating for an additional contact with you in the vesry near future.

Sincerely

ALVIN L. fOUNG, Capt, USAF, PhD 1 Atch
Research Technical Advisor Report
Dept of Chanistry and Biological Sciences



D E P A R T M E N T O F T H E A I R F O R C E

THE DEAN OF THE FACULTY

USAF ACADEMY, COLORADO 80840

REPLY TO

ATTN OF: DFCBS (4165) 3 Jan 1977

SUBJECT: Trip Report, Pullman, WA, 14-16 Dec 1976

TO: DFCBS-R (Maj Thalken) C/*3*" JAN 0 4 1977
DFCBS (LtCol Meier)
DFCBS (Col Lamb)
IN TURN

1. On 14-16 Dec 1976, the undersigned participated in a TOY to
Washington State University, Pullman, WA, in support of the Herbicide
Orange Project. The objective of this TOY was to review research under
USAFA Contract F056117638419 with the principal investigator, Dr. H.H.
Cheng. Dr. Cheng is conducting a laboratory and field study on the
metabolic and/or degradation products in soil of Herbicide Orange. The
attached progress report describes the research efforts. Only two of
the three soils originally proposed for this study were available at the
time of my visit. The soil from Gulfport, MS, had not arrived.

2. As noted in the attached report, part of the funds for this project
(both Phase I and II) are used to support a graduate student. At the
request of the contract monitor, Capt Young, I have prepared the
following evaluation of the graduate student, Mr Joseph Majka.

"Mr Joseph Majka is working on his PhD under the direction of
Dr. H.H. Cheng. He has an MS from Nebraska where he worked with
Terry Lavy. I was favorably impressed by talking to the student
and by the evaluations of the faculty. He is known for asking
good questions at seminars. He has developed a method of applying
herbicide orange uniformly over the soil surface of the lysimeters
(see section on Field Study). He has a slight stutter which does
not appear to inhibit him in the slightest. The graduate student
and the major professor appear to work well together."

3. I strongly recommend the continuation of this project by the initia-
tion of Phase II of the contract and, if possible, a Phase III in FY78.
Funds for this TOY were provided by Obligation Authority S77-34 and
totaled $392.42,

*"2.
J

THOMAS J. MUZIK
Distinguished Visiting Professor
Dept of Chemistry and Biological
Sciences

1 Atch
Progress Report



Principal Investigator - Dr. H.H. Cheng
Dept of Agronomy and Soils
Washington State University
Pullman, Washington

USAPA Contract F056117638419

FATE OF HERBICIDE ORANGE IN THE SOIL

Progress Report

December 1976

Field Study; Field mini-lysimeters have been set up to accommodate three
replicates of three soils treated at two herbicide concentrations,
totaling 18 plus three more for control purposes. Since there are only
two soils on hand, only two-thirds of the lysimeters have been filled.
The mini-lysimeters are constructed using the cylindrical walls of
5-gallon cans which were set in the ground at a level with the surrounding
soil surface. Underlying the soil in the lysimeter is 10 cm of natural
soil and 2 cm of activated charcoal. Two suction cups were placed at the
bottom of the lysimeter before filling it with test soil, The filled
lysimeters were in place for approximately 3 weeks before herbicide was
applied. Meanwhile several rains had occurred to wet the soil and settle
it into a relatively stable configuration. The herbicide was applied at
rates of 2000 Ib/A and 10,000 Ib/A in 100 ml H2O to approximate a 1000 and
5000 ppm treatment level. The herbicide was applied with a device con-
sisting of a separatory funnel with a sprinkler head attachment, which
could deliver a known volume of liquid gently to a small surface area
without excessive loss by drift during the spraying process. Precautions
were taken to minimize loss of herbicide during and after application, A
layer of dry soil, approximately 2 cm thick, was placed on the surface of
the lysimeter immediately after herbicide application to form a dust
mulch. Two days after the initial herbicide application, soil samples
were taken from the lysimeters. Two cores representing 0-5 and 5-10 cm
of soil depths were taken from each lysimeter for laboratory determination
of the actual amount of herbicide applied to the soil. After soil sampling,
the auger hole was filled with untreated soil and the location marked for
future reference. The suction cup will be used to collect leached water
samples without disturbing the soil,

Laboratory Study; Laboratory incubation system is now in place. Each
incubation flask is connected, at the incoming air end, to a CO2 trap and
a water equalization bottle and at the outgoing air end, a H2SO4 trap and
NaOH scrubber, 14C-2,4-D or ^C-2r4r5-~'F will be mixed with herbicide orange
in the soil and both the C02 and ̂ C02 produced from the incubation flask
can be continually monitored to determine the rate of microbial activity
and the rate of herbicide breakdown. Established methods will be used to
extract 2,4-D and 2,4,5-T from the soil samples and for determination on
the gas chromatograph. Ĉ win £>e determined on the liquid scintillation
spectrometer,



Future Plans; (1) The present field study now underway will evaluate
the degradation process under cold conditions. A similar study will begin
in the summer for studying degradation under warm conditions. (2) The
laboratory study will assess the rate of degradation of both 2,4-D and
2,4,5-T. (3) Soil samples from both the field and laboratory experiments
will be analyzed for residual parent compounds. (4) Methodology for
analysis will be continually evaluated for efficiency of extraction and
determination and for specificity. The possibility of metabolite formation
and stability of metabolites will be considered. Future research may lead
to metabolite identity and transformation. Phase II will concentrate on
the first three points with some progress on point four,

Estimated Expenditure for Phase II; (Jan-Sep 1977)

Salary (Research Assistant): $3,858 (8 months)
Benefits (12% of salary) 463
Indirect cost C47% of salary) 1,813
Operations (supplies, services, 1,866
equipment, travel)

Total $8,000

Future Major Equipment Need; Liquid chromatograph for metabolite study.
Est. $10,000.



WASHINGTON^ATE UNIVERSITY
PULLMAN. WASHINGTON xtsm 9916^

DEPARTMENT OF AGRONOMY AND SOILS

1? January, 1977

Capt. Alvin L. Young
Dept. of Chemistry & Biological Sciences
U. S. Air Force Academy
Colorado Springs, Colorado

Dear Al,

The soil sample from Gulfport arrived today! Last week we received
notification that it was packed and shipped on 3 January. Thus, the actual
transportation time was only two weeks. The shipment contains approximately
600 pounds of wet Gulfport soil, a rather limited amount for a complete
field study even for our mini-lysimeters. We will try to use the amount of
soil we have judiciously, knowing how difficult it is to obtain. One decision
we have made is to forego the winter application of Orange to this soil at
this time, but to wait for the warm weather application. However, we will
try to fill the lysimeters as soon as the weather permits to acclimatize the
soil to the local conditions.

As for the rest of the experiments, all are under control and progressing
well. We have made a preliminary determination of the actual amount of herbicide
applied to the soil and the values are within our estimates. I have not put too
much reliance on the accuracy of these determinations because we have not had
time to test the analytical procedure thoroughly. We will want to examine each
step of the extraction and analysis procedures to ^pertain the validity of our
analysis. This will take some time to accomplish. One of the goals of our Phase
II studies is on methodology.

I am anxious to begin Phase II officially, since most of our experiments
are already at that stage. My main concern at this time is to continue the
appointment of my research assistant, Mr. Joe Majka. Joe's appointment will end
on 31 January. The next period will cover Feb through 15 Sept., I hope. If at
all possible, I hope that the second year funding will begin in September, rather
than in October, to coincide with our fall semester starting date.

Please let me know if you have sufficient information from me to initiate
Phase II. If not, we will try to provide what you will need immediately.

We missed you both at the site visit in December and at the W-82 meeting
at San Francisco, I was able to visit^'Bert Koch extensively about his work on
Orange at Hawaii. It will be very interesting to compare our findings with his.

With warm greetings.

Sincerely yours,

\
c

H. H. Cheng
Associate Professor of Soils



DFCBS-R (Gapt Young, 2720)
15 Feb 1977

Herbicide Degradation Study, Washington State University

tGPC . . . - " .

1, In support of the APtC Disposition of Herbicide Orange, the D«pt of
pheinistry and Biological Sciences has been conducting extensive research
nto the fate of Herbicide Orange in the environment. In order to
assess the impaqt of a potential spill of Herbicide Orange, data on soil
persistence and degradation are required.

2. In September 1976, the Air Force Academy negotiated a contract with
Washington State University (FO 5611763841 9) to establish field and
laboratory studies of three soils treated with high rates of herbicide.
Confirmation of the initiation of these studies .has been made in a trip
report by Dr. Thomas Muzlk of this Department, dated 3 Jan 1977 (Atch 1
with progress report from the principal investigator, Dr. H.H. Cheng,
dated Deoerebê  1S76),

3. Accordingly, as noted in our letter to you of 15 September 1976,
since Phase I of this project has been completed, it is requested that
LGPC initiated contract for Phase II of this project. This phase will
include the analysis of herbicide and major degradation products from
the soils treated under Phase I. The estimated expenditure for Phase II
is $

4. The attached Sole Source Justification and Request for Purchase are
provided f0se preparing a contract ; for; Phase II of this project,
are available from Obligation Authority APfiC S77-53.

RQSBRS Sf,

Dept of Chemistry and Biological
•' Sciences , - V . " .'•' • ". '•''; -

1. frip Report
2. Sole Source Justification
3. Bequest for Purchase



DFCBS-R (2720) 15

Sole Source Justification: Department of Agronomy and Soils,
Washington State University, Herbicide Degradation Study

LGPC

1. The analytical services required on the attached "Request for
Purchase" (F73DFR7046-001) are uniquely possessed by the Department
of Agronomy and Soils/ Washington State University, Pullman, Washington
99164. Dr. H.H. Cheng, Associate Professor of Soils, will serve as the
principal investigator for this project. Dr. pheng is internationally
recognized for his research in soil and pesticide chemistry. He has
developed specialized techniques- for monitoring the degradation of
2,4-D and ether herbicides in field and laboratory studies. He recently
published a technique for using a mini-lysimetry system to determine
field adsorption, desorption, hydrolysis and breakdown of commercially
formulated isoootyl ester of 2,4~D. His laboratory is well equipped
and staffed to provide the desired services within the specified time
.period. -, •-•.'":.' - , - - ,Y . ' ''• •

2. Dr, Cheng initiated the first phase (Phase I) of this project
(USAPA Contract P056117638419).To seek another institution for the
current request for services would not he feasible in terms of time or
funds. Moreover, there is, to our knowledge, no other institution,
commercially available laboratory, or government agency that has the
equipment and expertise to conduct the required services in the manner
desired or in the time period required.

L. YOUNG; capt, USAF
Research Technical Advisor
Principal Investigator



"' '"' """' 1"-i*" r n" 1 •• ' " ' '• "••
REQU^LFOR PURCHASE A

felALLAriON ^^ ^^
United States Air Force Academy, CO 80040

TO: CONTRACTING OFFICER LGPC
THROUGH
ACF

FROM:
DFCBS

NO.
F73DFR7046-001
DATE

15 Feb 77
CLASS

CONTRACT PURCHASE ORDER
OR DELIVERY ORDER NO.

IT IS REQUESTED THAT THE SUPPLIES AND SERVICES I .NUIW HATED BFI OW AND IN H I E ATTACHH5 LIST, BE

PURCHASED FOR FOR DELIVERY TO

DFCBS Capt Alvin L. Young

ITEM

1

From

WSU C

DE.SCRIP1 ION OF MAI 1 RIAL OR SERVICES TO BE PURCHASED

A non-personal services contract, for the analysi
of uoil samples for formulation components and
major biodegradation products of Herbicide
Orange. Field and laboratory sources for treate
soil samples have been provided from USAFA
Contract F056117638419. DFCBS will furnish a
recommended analytical procedure. The following
expenditures are proposed :

Salary (Research Assistant) 8 months
Benefits (12% of salary)
Supplies, equipment, travel
Administrative costs

Dr. H.H. Cheng, Principal Investigator
Dept of Agronomy and Soils
Washington State University
Pullman, Washington 99164

ontracts Officer: Mr Jim Wills, Asst Director
Office of Grants and Research
Washington State Univ - 509/3

C-'IANTITY

;

I

Developi
55-9661

UNIT

lent

NOT LATER THAN

30 Sep 1977

ESTIMATED
UNIT PRICE

TOTAL

i STIMATED
1 OTAL COST

$3,858
$ 463
$1,866
$ 813

\
N-fE

$7,000

PURPOSE
To support AFLC Disposition of Herbicide Orange

AUTHORITY 1 OR PROCUREMENT

r-| LOCAL PURCHASES AUTHORIZED AS THC NORMAL r-i REQUISITIONING DISCLOSES NONAVAILABILITY OF ITEMS
I—1 MEANS OF SUPPLY FOR THE FOREGOING BY LJ AND LOCAL PURCHASE IS AUTHORIZED BY

Q EMERGENCY SITUATION PRECLUDES USE OF REQUISITION CHANNELS FOR SI.OLJRING I T E M

DATE TYPED NAMF AND GRADt OF I N H I A I I N H OI-HOtR
15 Feb 1977 ROBERT W. LAMB, Col, USAF

Professor and Head, DFCBS

SIGNATURE

I CERTIFY THAT T)IK StiPl'LtKH A \l> '•'•FHVICKN I J S T I - t ) AIIOVK 1 \'l> IN f l . /•,' ATTACH I'D 1.1 riT A It '•,' I'KDI'Klii V VH \KOKAftLK I'O THE POLI.OWINU
ALl.OTMl'NTP TH1'- AVAIt.AHLI HAJ,A Vr-/..S OV WHICH AKI', ^lll''l''ll'IF,\!'l , • ) Cfniili TIIK f'n-ff TIIKHKttl*; ,\N» I'l'NUH IIAVK KEEN COMMITTED.

ACCOUNTING CLASSIFICATION

DATt T Y P t D N / M I AND GRAUL Of A( rouNHMG O f F I C t R

AMOUNT

SIGNATURE

"f

A I ' i ' R O V I 1) HY BAol COMMANDFI! OK HIS UFSIGNEF I

DATE I V i ' t D NAME AND dKADI. ^ I C N A T U K f . ]

1

'ORMMAY (P
Rl-H AC! G DA fOHM M 115 WHICH t'.i OrtSOI.f, ft; IN I Hfc USAF



CHECKED
BOX

APPLIES
j ORDER FOR SUPPLIES OR SERVICES

th
1. CONTRACT/ PURCH ORDER NO.

REQUEST FOR QUOTATIONS NO.

RETURN COPYI1ESI OF THIS QUOTE BY

/THIS IS NOT AN ORDER. See DD Form llBSrl
2. DELIVERY ORDER NO. 3. DATE OF ORDER

ret i*
4. REQUISITION/ PURCH REQUEST NO.

PAGE 1 OF

5. CERTIFIED FOR
NATIONAL DEFENSE
UNDER DMS REG 1

*
6. ISSUED BYi

(**-»» I8K

7. ADMINISTERED BY: (if Other them 61 CODEl B. DELIVERY FOB

SOSftO
(See Schedule
if other)

9. CONTRACTOR/QUOTER

NAME AND
ADDRESS

FACILITY CODE

Washington Stftt« Unlv»r»itjr
Offloa of drafts i~&«i««i>eb
Development

Pullaan, Waehington 99163

10. DELIVER TO FOB POINT BY!

ff Str ft*
1 1. CHECK IF SMALL

BUSINESS

a
12. DISCOUNT TERMS

13. MAIL INVOICES TO!

inr
14. SHIP TOi

pr
iL'ftfii til* M''

15. PAYMENT WILL BE MADE BY:

ffALl!

MARK ALL
PACKAGES AND
PAPERS WITH
CONTRACT OR

ORDER NUMBER

16.

U Q
0. K

DELIVERY
This delivery order is subject to instructions contained on this side of form only and is issued on another Government agency
or in accordance with and subject to terms and conditions of above numbered contract.

PURCHASE Reference your , furnish the following on terms specified herein, including, for U.S. purchases. General Provisions
of Purchase Order on DD Form 115Sr (EXCEPT CLAUSE NO. 13 APPLIES ONLY IF THIS BOX Q IS CHECKED, AND NO. IB IF THIS BOX Q

IS CHECKED); special provisions ! and delivery as indicated. This purchase is negotiated under authority of 10 USC
2304(a)(3) or as specified in the schedule if within the U.S., its possessions or Puerto Rico; if otherwise, under 2304(a)(6). I j If checked, Additional General Provisions ap-

copies.ply; Supplier shall sign "Acceptance "~5n DD Form UB&r and return

17. ACCOUNTING AND APPROPRIATION DATA/ LOCAL USE

30T
18.

ITEM NO.
19.

SCHEDULE OF SUPPLIES/SERVICES
20. QUANTITY

ORDERED/
ACCEPTED"

21. 22.
UNIT PRICE

23.

w nn
ISSUED fO ME. JIM WILLS BY MR. MHOtf 0$ '22

I

77.

ft // quantity accepted by the Government is same
os Quantity ordered, indicate by t^ 'mark. If dif-
ferent, enter actual quantity accepted below quan-
tity ordered and encircle.

24. UNITED STATES OF AMERICA

BY; Q, &. FFfCEOFFfCER

2S. TOTAL

29.
DIFFER-
ENCES

26. QUANTITY IN COLUMN 2O HAS BEEN

nilNSPECTED | | RECEIVED I I ACCEPTED, AND CONFORMS TO THE
—' CONTRACT EXCEPT AS NOTED

SIGNATURE OF AUTHORIZED OOVERNMENT REPRESENTATIVE

36 . I certify this account Is correct and proper for payment.

SIGNATURE AND TITLE OP CERTIFYING OFFICER

27. SHIP. NO. t .,,

|~~| PARTIAL

I [FINAL
31. PAYMENT

(~| COMPLETE

Q PARTIAL

J FINAL

28. D.O. VOUCHER NO. 30.

INITIALS

32. PAID BY 33. AMOUNT VERIFIED CORRECT
FOR

34. CHECK NUMBER

35. BILL OP LADING NO.

37. RECEIVED
AT

38. RECEIVED BY 39. DATE RECEIVED 40, TOTAL CON-
TAINERS

41. S/R ACCOUNT NUMBER 42. S/R VOUCHER NO.

Form Approved by Comptroller General, U.S., 27 May 66
Exception to SF18 under $2600 approved by Budget Bureau Oct. 66



THIS PARAGRAPH APPLIES ONLY TO QUOTATIONS SUBMITTED:

Supplies are of domestic origin unless otherwise indicated by quoter. The Government reserves the
right to consider quotations or modifications thereof received after the date indicated should such
action be in the interest of the Government. This Is a request for information and quotations
furnished are not offers. When quoting, complete blocks 11, 12, 22, 23, 25. If you are unable to
quote, please advise.; This request does not commit the Government to pay any cost Incurred In
preparation or the submission of this quotation or to procure or contract for supplies qr services.

GENERAL PROVISIONS

1. INSPECTION AND ACCEPTANCE • Inspection and acceptance will be at destination, unless
otherwise provided, Until delivery and acceptance, and after any rejections, risk of loss will be on the
Contractor unless loss results from negligence of the United States Government. Notwithstanding the
requirements for any Government inspection and test contained in specifications applicable to this
contract, except where specialized inspections or tests are specified for performance solely by the
Government, the Contractor shall perform or have performed the inspections and tests required to
substantiate that the supplies and services provided under the contract conform to the drawings,
specifications and contract requirements listed herein, including if applicable the technical
requirements for the manufacturers' part numbers specified herein.

2. VARIATION IN QUANTITY - No variation in the quantity of any item called for by this
contract .will be accepted unless such variation has been caused by conditions of loading, shipping, or
packing, or allowances in manufacturing processes, and then only to the extent, if any, specified
elsewhere In this contract.

3. PAYMENTS • Invoices shall be submitted In quadruplicate (one copy shallbe marked "Original")
unless otherwise specified, and shall contain the following Information: Contract or Order number,
Item number, contract description of supplies or services, sizes, quantities, unit prices and extended
totals. Bill of lading number and weight of shipment will be shovm for shipments on Government
Bills of Lading, Unless otherwise specified, payment will be made on partial deliveries accepted by the
Government when the amount due on such deliveries so warrants.

.
discount on the date of mailing of the Government check

6. DISPUTES • (a) Except as otherwise provided in this contract, any dispute concerning a question
of fact arising under this contract which is not disposed of by agreement shall be decided by the
Contracting Officer, who shall mail or otherwise furnish a copy thereof to the Contractor. Tills •'
decision shall be final and conclusive unless, within 30 days from the date of receipt of such copy, the
Contractor mails or otherwise furnishes to the Contracting Officer a written appeal addressed to the
Secretary. The decision of the Secretary or his duly authorized representative for the determination
of such appeals shall be final and conclusive unless determined by a court of competent jurisdiction
to have been fraudulent, or capricious, or arbitrary, or so grossly erroneous as necessarily to imply
bad faith, or not supported by substantial evidence. The Contractor shall be afforded an opportunity
to be heard and to offer evidence in support of his appeal. Pending finardecision of a dispute
hereunder, the Contractor shall proceed diligently with the performance of the contract and in
accordance with the Contracting Officer's decision, (b) This "Disputes" clause does not preclude
consideration of law questions in connection with decisions provided for in (a) above, provided, that
nothing in this contract shall be construed as making final the decision of any administrative official,
representative, or board on a question of law.

6. FOREIGN SUPPLIES • This contract is subject to the Buy American Act 141 US.C. lOa-d) as
implemented by Executive Order 10S82 of December 17, 1954, and any restrictions in appropriation
acts on the procurement of foreign supplies.

7. CONVICT LABOR • The Contractor agrees not to employ for work under this contract any
person undergoing sentence of imprisonment at hard labor.

8. OFFICIALS NOT TO BENEFIT • No member of or Delegate to Congress or resident
commissioner, shall be admitted to any share or part of this contract, or to any benefit that may arise
therefrom, but this provision shall not be construed to extend to this contract if made with a
corporation for its general benefit.

9. COVENANT AGAINST CONTINGENT FEES • The Contractor warrants that no person or
selling agency has been employed or retained to solicit ,or secure this contract upon an agreement or
understanding for a commission, percentage, brokerage, or contingent fee, excepting bona fide
employees or bona fide established commercial or selling agencies maintained by the Contractor for
the purpose of securing business. For breach or violation of this warranty the Government shall have
the right to annul 'this contract without liability or in its discretion to deduct from the contract price
or consideration or otherwise recover, the full amount of such commission, percentage, brokerage or
contingent fee.

10. GRATUITIES - (a) The Government may, by written notice to the Contractor, terminate the
right of the Contractor to proceed under this contract if it is found after notice and hearing, by the
Secretary of his duly authorized representative, that gratuities (In the form of entertainment, gifts or
otHerwIsej were offered or given by the Contractor, or any, agent or representative of the Contractor, to
any officer or employee of the Government with a view toward securing a contract or securing
favorable treatment with respect to the awarding or amending, or the making of any determinations
with respect to the performing of such contract, provided, that the existence of the facts upon which

, the Secretary or his duly authorized representative makes such findings shall be in.issue and may be
reviewed In any competent court, (b) In the event this contract is terminated as provided in paragraph
(a) hereof the Government shall be entitled (i) to pursue the same remedies against the Contractor as
it could pursue In the event of a breach of the contract by the Contractor and (ii) as a penalty in
addition to any other damages to which it may be entitled by law to exemplary damages in an
amount (as determined by the Secretary or his duly authorized representative) which shall be not less
than three nor more than ten times the costs incurred by the Contractor in providing any such
gratuities to any such officer or employee, (c) The rights and remedies of the Government provided in
this clause shall not be exclusive and are in addition to any other rights and remedies provided by law
or under this contract.

11. RENEGOTIATION • This contract, and any subcontract hereunder, is subject to the
Renegotiation Act of 1951, as amended (SO V.S.C. App. 1211 etseq.l and shall be deemed to contain
all the provisions required by Section 1 04 thereof, and is subject to any subsequent act of Congress
providing for the renegotiation of contracts.

12. CONDITION FOR ASSIGNMENT • This Purchase Order may not be assigned pursuant to the
Assignment of Claims Act of 1940, as amended (31 U.S.C. 203, 41 U.S.C. IS), unless or until the
supplier has been requested and has accepted this order by executing the Acceptance hereon.

13. COMMERCIAL WARRANTY • The Contractor agrees that the supplies or services furnished
under this contract shall be covered by the most favorable commercial warranties the Contractor gives
to any customer for such supplies or services and that the rights and remedies provided herein are in
addition to and do not limit any rights afforded to the Government by any other clause of this
contract.

14. PRIORITIES, ALLOCATIONS AND ALLOTMENTS DEFENSE MATERIALS SYSTEM • When
the amount of the order is $500 or more the Contractor shall follow the provisions of DMS Reg. 1
and all other applicable regulations and orders of the Business and Defense Services Administration in
obtaining controlled materials and other products and materials needed to fiU this order.

IE. FAST PAYMENT PROCEDURE -
(a) General, This is a fast payment order. Invoices will be paid on the basis of the Contractor's

delivery to a post office, common carrier, or, In shipment by other means, to the point of first receipt
by the Government.

fb) Responsibility for Supplies. Title to the supplies shall vest in the Government upon delivery
to a post office or common carrier for shipment to the specified destination. If shipment is by means
other than post office or' common carrier, title to the supplies shall vest in the Government upon
delivery to the point of first receipt by the Government. Notwithstanding any other provision of the
purchase order, the Contractor shall assume all responsibility and risk of loss for supplies (i) not
received at destination, (11) damaged in transit, or (iii) not conforming to purchase requirements. The
Contractor shall either replace, repair, or correct such supplies'promptly at his expense, provided
instructions to do so are furnished by the Contracting Officer within ninety (90) days from the date
title to the supplies vests in the Government.

(cj. Preparation of Invoice.
(1) Upon delivery of supplies to a post office, common carrier, or In shipments by other

means, the point of first receipt by the. Government, the Contractor shall prepare an Invoice in
accordance with Clause 3 of the General Provisions of Purchase Order, except that invoices under a
blanket purchase agreement shall be prepared in accordance with the provisions of the agreement. In
shipments by either post office or common carrier, the Contractor shall either (A) cite on his invoice
the date of shipment, name and address of carrier, bill of lading number or other shipment document
number, or (B) attach copies of such documents to his invoice as evidence of shipment. In addition
the invoice shall be prominently marked "Fast Pay." In case.of delivery by other than post office or
common carrier, a receipted copy of the Contractor's delivery document shall be attached to the
Invoice as evidence of delivery.

(2) If the purchase price excludes, the cost of transportation, the Contractor shall enter the
prepaid shipping cost on the invoice as a separate item. The cost of parcel post insurance will not be
paid by the Government. If transportation charges are separately stated on the invoice, the
Contractor agrees to retain related paid freight bills or other transportation billings paid separately for
a period of three years and to furnish such bills to the Government when requested for audit

..purposes.
(4) Certification of Invoice, The Contractor agrees that the submission of an invoice to the

Government for payment is a certification that the supplies for which the Government is being billed
have 'been shipped or delivered in accordance with shipping instructions Issued by the ordering
officer, in the quantities shown on the invoice, and that such supplies are in the quantity and of the
quality designated by the cited purchase order.

OUT.ER SHIPPING CONTAINERS SHALL BE MARKED ''FAST PAY-

IS. (This clause applies if this contract is for services and is not exempted by applicable regulations
of the Department of Labor.)

SERVICE CONTRACT ACT OF 1965 - Except to the extent that an exemption, variation, or
tolerance would apply pursuant to 29 CFR 4.6 if this were a contract in excess of $2,500, the
Contractor and any subcontractor hereunder shall pay all of his employees engaged in performing
work on the contract not less than'the minimum wage specified under section 6(aXO of the Fair
Labor Standards Act of 1938, as amended ($1.60 per hour). However, in ca»es where section 6(eX2)
of the Fair Labor Standards Act of 1938 is applicable, the rates specified therein will apply. All
regulations and interpretations of the Service Contract Act of 1965 expressed in 29 .CFR Part 4 are
hereby incorporated by reference in this contract,

ADDITIONAL GENERAL PROVISIONS

17. .CHANGES • The Contracting Officer may at any time, by a written order, and without notice
to the sureties, make changes, within the general scope of this contract, in (i) drawings, designs, or
specifications, where the supplies to be furnished are to be specially manufactured for the
Government in accordance therewith; (ii) method of shipment or packing; and (iii) place of delivery.
If. any such change causes an increase or decrease in the cost of, or the lime requited for performance
of this Contract, whether changed or not changed by any such order, an equitable adjustment shall be
made by written modification of this contract. Any claim by the Contractor for adjustment under
this clause must be asserted .within 30 days from the, date of receipt by the Contractor of the
•notification of change provided that thb Contracting Office'r, if he decides that the facts justify such
action, may receive and act upon any such claim if asserted prior to final payment, under this
contract. Failure to agree to any1 adjustment shall be a dispute concerning a question of fact within
the meaning of the clause of this contract entitled "Disputes." However, nothing in this clause shall

. excuse the Contractor from proceeding with the contract as changed.

18. TERMINATION FOR DEFAULT - The Contracting Officer, by written notice, may terminate
this contract, in whole or in part, for failure of the Contractor to perform any of the provisions
hereof. In such event, the Contractor shall be liable for damages, including the excess cost of
reprocuring similar supplies or services; provided that, if (i) it is determined for any reason that the
Contractor was not in default or (U) the-Contractor's failure to perform is wilhout his and his
subcontractor's control, fault or negligence, the termination shall be deemed to be a termination for
convenience under paragraph 19. As used in this provision the term "subcontractor" and
"subcontractors" means subcontractors at any tier.

19. TERMINATION FOR CONVENIENCE • The Contracting Officer, by written notice, may
terminate this contract, in whole or in part, when it is in the best interest of the Government. If this
contract is for supplies and is so terminated, the Contractor shall be compensated in accordance with
Section VIII of the' Armed Service! Procurement Regulation, in effect on this contract's date. To the
extent that this contract is for services and is so terminated, the Government shall be liable only for
payment in accordance with the payment provisions of this contract for services rendered prior to the
effective date of termination.

20. ASSIGNMENT OF CLAIMS - Claims for monies due or to become due under this contract shall
be assigned only pursuant to the Assignment of Claims Act of 1940, as amended (31 U.S.C. 203,41
U.S.C 15). However, payments to an assignee of monies under this contract shall not, to the extent
provided in said Act, as amended, be subject to reduction or set-off. (See Clause 12,)

ACCEPTANCE
. The Contractor hereby accepts the offer represented by this numbered purchase order as it may

previously have been or is now modified, subject to all of the terms and conditions set forth, and
agrees to perform the same,

NAME OF CONTRACTOR

REMARKS

TYPED NAME AND TITLE

DD K>"M Il55r
1 Aig 69

REPLACES COITION OF 1 AUG It WHICH IS OBSOLETE.
GPO : 1969 0—362-5SI
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GENERAL S E R V I C E S A D M I N I S T R A T I O N CONTINUATION SHEET WrtKlC* f •*•» M»fi«I « •
FED. PROC. R E G . (41 CFR) 1-16.101 fwSOjJL I { JBO f f

P A G E OF

2 a
NAME OF OFFEROR OR C O N T R A C T O R

Waaniagtoa State JJttlwsrtity

ITEM NO.

X.

S U P P L I E S / S E R V I C E S

if ONPKRSOflAL SERVICES

Provide analytical aervic*s, facilities, «<iwip-
asnt, par»onnel and techJiical knowledge to
perform Phaaa XI of tha r«aearcit testing projec
for lerfcieida* Grange.

1. Phase IX will consist of twalyais of aoil
samples for formulation eosapoaenta aad major
^iodegpradatioa products of Herbicide Oreag©.
Soil samples v«re provided diiriag Hieae X on
Purehaae Order F0i>6ll7763^19 -

2. The USAP Acadttray (DPCBQ Office) will fumis
a r«cosBwadted analytical procedure.

3- BQMt&e»t aaalysia reports of samples
eollaet«d for tvo time pwioda aa follow! :

a. Winter Report as of 30 May 1977
o. Siau&er Seport »8 of if Sap 1977
a. Theaa reports of ressats ar* to be

awbttltt«d to Oapt. Al Yoan4, ^FCBS, tBAK Aead<SK(
CO 80&%Q, tto« coordinator of the project.

it. Tha folloviag expeaditxirea are proposed for
Phass XI;

ft. Salary (Sea^aroh Assistant - S months

b. Benefite (12^ of salary) ^05-00
c. SuQ)plie*k «M|tilfwmtt travel 1>635.00
4. Adainietrative Costs 1,5^.00

(Indirect Sost) .__...
MOT IX) EXCKBB $7,000.00

Herbicide Baeaarek StuOy Phaa* IX,
to tee «soHtplet«d by 30 Sap 77

H02S: Paymaat will b« »ade oa receipt of state)
Block 15 of the liD 1155, citing P. 0. number.

The following dawse is incorporated iiito this 2

ASPH 7<*19d3*^Ca) Service Coatract Act of IS

QUANTITY

a

r

1

aaat aubmi

•larcbaae 0

€5.

U N I T

Job

tte

ro&i

U N I T P R I C E

$7,000.00

I to <id<irtes»

• by ra-fersm

A M O U N T

It.ooo.w

shown in

:*:

36-108-04 •it U. S. GOVERNMENT PRINTING OFFICE: 1974 553-210



2 March 1977

Dr. Michael Taylor
Dept of Chemistry
Wright State University
Dayton, Ohio 45431

Dear Dr. Taylor

Under separate cover you will receive two liquid samples
of Orange Herbicide. These samples were obtained from
EHL- labelled drum No. 307, Lot 8, NCBC, Gulfport, MS. This
herbioid© formulation will be used by the Department of
Agronomy and Soils, Washington State University/ Pullman,
WA, in a study of herbicide degradation in Gulfport soils.
This study is under contEatst from USAPA/DPCBS (Contract No.
F056117732877) .

Following receipt of written concurrence from the con-
tracting officer, it is requested that the samples be
analyzed for TCDD concentration and the percent of individual
components (e.g. , 2,4-D and 2,4, 5-T acid and esters, butanol,
etc.), A requested date for the completion of the above
samples is 29 April 1977.

I have attached for your information a copy of a recent
(1976) analytical scheme for the determination of TCDD in
environmental samples. This report was prepared by a
European Scientific Research Group following the Seveso,
Italy, TCDD episode.

Sincerely

ALVIN L. YOUNG, Capt, USAF, PhD 1 Atch
Associate Prof of Biological Science Report, Analytical
Dept of Chemistry & Biological Sciences Procedure



24 May 1977

Prof Isssdr of Soils
of Agrono^ and Soils

Washington :'• State OWvoraity
Pullinan, W& 99164

Dear H.H.

Jt was good to t**l& with you cffi th® telê âie yeste«r<3ay. I 'ra sorry
that nr̂  schedule will prevent irt̂ r visiting Washington State University
and your f ielia wrk prtor to my departure fco Brooks K&Bt San Arttbndbo,

As I noted in our qcsnvfiaesatiDn, I will need a research status report
oh Ph*i|e It of t&e Herbicide Study prior to payment by our Ftaanse Of fide.
I havfc'fifit reotl^ed a ocmf irttatory analysis of the herbicide fomulation
sent to Iflrighte State University, Dayton, OH. Ifowewer, when I receive
the data, I will forward it to you,

I hav« stresised,, to Projecrt ^^ Personnel from the Mr Force Logistics
Coiinajid, ^.need •.••SoK continuing this study. I anticipate that n^
r l̂aesBRiKit,; Capt (Ete.) William (Bill> Cairney will negotiate a Phase
III cmt^l^t with ^ia^^

Mp b^sst wishes to you Jand Joe Majka for a siKScessful soiraer
program.*

Sincerely % . " '• • , . -

• Associate Professor; of Biological Science
Dept of OhjeKiistry and Biological Sciences



FATE OF HERBICIDE ORANGE IN THE SOIL

Interim Report-Phase II

May, 1977

Most of the research activities during the past six months have been in
the laboratory, with the initiation of experiments on the adsorption-
desorption, leaching, and degradation of 2,4,5-T in the soil. There was,
on the other hand, very little action related to the field lysimeter
study. Because of the prolonged dry period over the winter months, plus
the lack of severe weather, little had happened in the field. We delayed
the sampling of the lysimeters until April and decided to postpone the
initiation of the summer series of lysimeters until August in order to
characterize the seasonal factors better. Reason for this modification
of research plan will become obvious from the discussion of the laboratory
data.

The purpose of tha initial series of laboratory studies was to become
acquainted with the various research techniques, to compare our findings
with existing literature values for verification of our procedures, and
to discover any discrepancies or gaps in the existing information. Since
we already have a wealth of background information on 2,̂ -D, most of the
experiments in this initial series were conducted with 2,i|-,5~T at normal
to low levelsj of treatment concentration. Several reports by O'Connor et
al. (Soil Sci. Soc. Am. Proc. 38:̂ 33, 197̂ 5 J. Environ. Qual. 5:375, 1976)
have been particularly pertinent in our comparison studies, since they used
the Palouse soil in their studies. The Freundlich k adsorption constants
we obtained for the Glendale soil were comparable to those by O'Connor et
al., but those for the Palouse soil were higher than theirs. Whereas 2,4,5-T
was desorbed readily from the Glendale soil (with 67,. 7k, 100,and 100$ de-
sorbed at 0.2, 0.7, 10.2, and k^.2 ppm after 5 desorptions), desorption
was much less reversible in the Palouse soil (with 21, 20, §2, and 33$ de-
sorbed at the same concentrations). The predictive model by O'Connor et al.
worked well for the Glendale soil, we were interested in the applicability
of this model to a soil with very different desorption pattern. Preliminary
leaching study on the mobility of 2,^-,5-T in a column of Palouse soil)- under
saturated conditions showed that more than 50$ of the 2,U,5-T in the soil,
after leaching of 10 pore volumes of water, remained in the top 3 cm of
the soil column. Even though unsaturated flow may improve the leaching
efficiency, the mobility of 2,̂ ,5-T in the Palouse soil appears to be limited.
We will be developing more data to test the validity of the model used by
O'Connor et al.

We have also been conducting an incubation experiment to determine the degradation
of 2,4,5-T in the soil at two concentrations under saturated or field capa-
city conditions. The pattern of 2,̂ ,5-T degradation appeared to differ from
that of 2,U-D in that there was no exponential take-off of the degradation
rate of the former. Whereas it was almost indistinguishable between the
degradation rates of chain-labeled vs. ring-labeled 2,4-D; the side-chain
of 2,̂ ,5-T appeared to degrade faster than the ring. Also more 2,U,5-T de-
gradation occurred in soil at field capacity than at saturation.



The preliminary data from the laboratory already indicate that some modi-
fication of our research plan may be necessary. We will need to obtain more
data on the adsorption-desorption of both 2tk,5-T and 2,U-D in all three
soils, particularly at high rates of application. Similarly, we need to
characterize the mobility of these two herbicides in the three soils under
study. Particular focus of our attention will be the mobility of 2,U~D and
the persistence of 2,̂ ,5-T.

On our agenda for research this summer include the following activities:

1. Continued verification and improvement of procedures for extraction and
analysis of HERBICIDE ORANGE in the soil.

2.Periodical sampling of the lysimeter soils and determination of the herbicide
contents.

lU i i3. Preparation of C-labeled butylesters of 2,4-D and 2,4,5-T for the incu-
bation studies.

H. Assess the degradation of HERBICIDE ORANGE in the three soils under laboratory
conditions using Ĉ tracer technique.

5.Conduct additional experiments on the adsorption-desorption and mobility
of HERBICIDE ORANGE in the three soils.

**"**"***'
6. Initiate the summer series of outdoor minilysimeters in August.

7. Initiate studies on the extractability and identification of herbicide
metabolites — e.g., 2,^,5-trichlorophenol. Ô UJA..̂  sMl̂ -v̂ -H'»'•• '•• •»«*-' •

It is the goal of Phase II to develop the methodology and to define the research
emphasis. We anticipate that much of this goal will be realized by September,
1977.

..... J

T"\ u



Phase III - 1 October, 1977 to 31 July, 1978.

Work plan:

1. Complete the second year mihilysimeter study of the fate of Herbicide
Orange under field conditions.

lit- 11+
2. Complete the laboratory degradation study using ring- C or chain- C
2,̂ -D or 2,4,5-T butyl esters in the three soils.

3. Initiate a new series of degradation study under controlled environment
on Mississippi soil only with emphasis on metabolite identification and
possibly the rate of metabolite degradation.

Phase IV - 1 August, 1978 to 30 June, 1979.

1. Complete all analyses for the various degradation studies.

2. Conclude the metabolite identification and degradation study.

3. Complete a Ph. D. dissertation.

Cp t'( 5, "<•*

ff C\ ";>.-. "I, * ?.^ i f'i.. •.'- —



RESEARCH REPORT FOR HERBICIDE ORANGE

Most of the summer work was devoted toward developing a reliable and

sensitive chemical analysis for Herbicide Orange. The present status may be

evaluated in terms of the analytical technique itself.

Extraction; We have been experimenting with a Sephadex anion exchange gel for

extracting herbicide Orange from both water and soil from a 0.2 N NaOH water

or soil extract. Presently, extraction efficiencies for both 2,4-D and

2,4,5-T have been greater than 70% for the Palouse silt loam, although

we believe improved extraction efficiencies are still possible. To monitor

the efficacy of the Sephadex before anion exchange, 2,4-D and 2,4,5-T can be

spectrophotometrically characterized via ultra-violet light absorption in

both acid and alkali media. Results presently indicate that a cleanup step

before esterification will probably not be necessary as in most chemical

analyses.

Esterification; To esterify the acid forms of 2,4-D and 2,4,5-T to the

n-butyl ester form for determination on the gas chromatograph, two techniques

were tested, diazoalkylation and boron trifluoride/n-butyl alcohol. At this

time, diazoalkylation appears to be better adapted for routine analyses,

although both techniques appear to give approximately equal yields. Within

a few weeks we plan to esterify our stock solutions of C-14 labelled 2,4-D

and 2,4,5-T for use in a laboratory incubation study scheduled for November.

Thirty four individual incubation apparatuses have been constructed for

the above experiment.

Gas-liquid chromatographic determinations; GLC analyses were performed on



Orange research report, page 2.

columns packed with 5% SE-30 on Chromosorb W/DMCS, which gave satisfactory

separations of the 2,4-D and 2,4,5-T butyl esters from our supply of Orange.

Due to difficulties experienced with our tritium GLC detector, we are in

the process of upgrading our system by installing a $2000 Ni-63 electron

capture detector, which has the advantages of an enhanced linear range

and resistance to herbicide overloading. This addition should improve

our GLC capabilities considerably.

Field experiments^ We are continuing our field studies as last reported.

A third soil sampling was recently taken from the Palouse-Wyomlng

mini-lysemeters installed last winter, while a summer set of 12 mini-

lysemeters for the Palouse-Mississippi soils were installed and herbicides

applied. Soil samples were collected from these plots two days later,

and stored. We are also preparing the water extraction equipment for the

mini-lysemeters. Hopefully, there will be sufficient moisture in the

early spring for water samples after winter precipitation.

Joseph T. Majka
H. H. Cheng

September, 1977.



AGRONOMY 305 1977

I. What would you like to learn from this course?

Circle correct answers and number in order of importance in each
category (1 - most important).

A. Weed identification

B. How to solve practical problems

C. How to apply chemicals safely and accurately

D. Be able to pass the state consultant examination

E. Recognize herbicide damage symptoms

F. Be able to incorporate herbicides into an agricultural program

G. Gain an understanding of the public's concern about herbicides

H. Advantages and limitations of biological control

I. Other

What sort of future do you have in mind for yourself?
\

A. Teacher

High School

University

Agricultural Extension

B. Government
Regulatory

C. Industry

D. Have your own farm

E. Other



WASHINGTO^TATE UNIVERSITY
PULLMAN, WASHINGTON 99163

DEPARTMENT OF AGRONOMY AND SOILS

9 June, 1977

Capt. A. L. Young
Dept. of Chemistry & Biological Sciences
U. S. Air Force Academy
Colorado Springs, CO

Dear Al,

What a hectic two weeks we just had! I am afraid with all the mad
rush on the other matters, our interim report to you was inevitably put
off. So my apologies for this delay.

As I mentioned to you on the telephone, I do not like to furnish
incomplete data. However, we have made a start in many different fronts
and have already made some interesting observations that raise valid
questions or discover gaps in existing knowledge. We look forward to
an interesting and challenging summer of research.

I also mentioned to you that I am assuming the Chairmanship of the
Program in Environmental Science at WSU. It is an |--time administrative
position. Although it will mean added responsibility, some of the duties are
a shift from my involvement in administering the Soils program. I don't
anticipate that my research activities will be greatly altered by this
change. Since this job is only for two years, it should be an exciting
venture.

It seems that you will be into some challenging work too. I am
looking forward to hearing about your new work and hope that we can
continue to cooperate in some research studies in the future. With
my best wishes.

Sincerely yours,

H. H. Cheng
Professor of Soils

HHCrj
Attachment



DEPARTMENT OF THE AIR FORCE
OL AA; USAF OCCUPATIONAL AND ENVIRONMENTAL HEALTH LABORATORY (AFSC)

KELLY AIR FORCE BASE, TEXAS 78241

13 October 1977

Mr. Joseph T. Majka
Graduate Research Assistant
Johnson Hall, Room 237
Department of Agronomy and Soils
Washington State University
Pullman WA 99164

Dear Joe

Thank you for sending me the slides of your field work on the degradation
of Herbicide Orange. I certainly enjoyed seeing your field and laboratory
studies and having the opportunity to discuss them with you. I'm very
pleased with the direction of your program. Please be assured of our
continued support.

I have attached copies of two bibliographies on the phenoxy herbicides
for you; one deals with fate in the environment and the other with the
substituted dibenzo-p-dioxins. Both of these bibliographies were prepared
by the USDA/ARS Laboratory at Texas A S M University.

Sincerely yours

ALVIN L. YOUNG, Capt, USAF, PhD
Pesticide Consultant

2 Atch
1. Bibliography I
2. Bibliography II

Cy to: Dr. H.H. Cheng w/o Atch
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WASHINGTON^ITATE UNIVERSITY
PULLMAN, WASHINGTON 99164

DEPARTMENT OF AGRONOMY AND SOILS

\
7 April, 1978

Dr. Alvin L. Young
USAF Occupational and Environmental
Health Laboratory

Kelly Air Force Base, Texas 782̂ 1

Dear Al,

Attached please find a status report from Joe Majka. Our new GC
"%! detector is now in place and he is busily getting all the backlog
of samples analyzed. Since all the field experiments are continuing, I
don't feel that he is too far behind schedule. Starting this summer, Joe
should be able to concentrate on his research. I am sure that his research
efficiency will increase greatly.

I have just received a National Science Foundation grant to initiate
a cooperative research project at Taiwan. I will be leaving on about two
weeks and be there for about one month, returning here in late May.

Thank you for your continuing support of our research.

Sincerely yours,

H. H. Cheng
Professor of Soil

HHC:j
Attachment



^. J.T. Majka

RESEARCH REPORT: April 1, 1978

Sufficient moisture was present in the Palouse region this year to

collect water samples from all 28 minilysemeters installed in 1976 and 1977.

The above ground extraction devices, including sampling bottles, motor

generator, vacuum pumps, lines and bottles were reconditioned to minimize

contamination, and were assembled at the field site. All 28 water samples

were acidified and extracted with ether twice to analyze for Herbicide

Orange and possibly any metabolites. The ether extract was then esterfied

with diazobutane to make the n-butyl ester for GLC analysis, and was stored.

At the same time our various stocks of C-14 labeled 2,4-D and 2,4,5-T were

also esterified for the laboratory incubation study. Analyses for both

the water and C-14 samples have been delayed due to manufacturing and

installation problems with our new Ni-63 electron capture detector. Most

of the difficulties appear now to be solved, so that we are presently fit-

ting new GLC columns to the detector for the analyses. Hopefully, no set-

backs will occur here.

To further prepare for the laboratory incubation study, a moisture

release curve on the Palouse, Mississippi and Wyoming soils is being run

to determine suitable soil moisture contents to conduct the experiment. At

1/3 bar or field capacity, the net soil moisture %'s for the three soils were:

Palouse 36.3 ± 1.29% Average of 2 runs,

Mississippi 15.0 ± 0.61% each run 5 "plications Per soil

Wyoming 28.6 ± 0.29%

In addition, soil samples from the field were collected from the Palouse-

Mississippi minilysemeters £n March 30, 1978, bringing this experiment to

its 15th month procession. The Palouse-Wyoming mini-lysemeters will be

sampled this mid-April for that experiment's 9th month of operation.
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- - . •

'ife^ '"^-.V'^'''^-''^^']^^^-:-. ':ii.'j''' .'•'"'' '

fl' '.-/-'-^.^LJ.... ,..-'.••'•;agi.

ntitu iicctpied below ijuan-
. ; - . ' ' u t . . r ' . -..'. :• .".'.-,:;-'>:

"r
" ' '" ' ' '





WSTUTE UNIVERSITY
ULLMAN, WASHINGTON 99163

PROGRAM IN ENVIRONMENTAL SCIENCE

MEMORANDUM

TO: W. Cairney
A. L. Young

FROM: H. H. Cheng•if

DATE: ]7 July,]978

SUBJECT: Report of research

I have asked Joe Majka to summarize his research activities
during the last two years and report to you his findings. You
will find that he has concentrated his effort on methodology
evaluation. This effort has the added benefit in that he has
become quite knowledgeable in all analytical aspects. I have
asked him not to include any of the field data, since they
are not complete and cannot be interpreted adequately at
present. Although he will continue to evaluate the methodology
aspects, his aim .effort will now be shifted to sample analysis.
I feel that his work is on schedule. I anticipate that the total
project will be completed by next summer.

HHC: j .



WASHINGTON sTE UNIVERSITY
PULLMAN, WASHINGTON 99163

DEPARTMENT OF AGRONOMY AND SOILS

July 17, 1978

Alvin L. Young, Capt. USAF, Ph.D.
OL AA USAF OEHL
Kelly AFB, TX 78241

Dear Dr. Young:

It was good talking with you a few weeks ago before I left for vacation back
home. As soon as I came back, Dr. Cheng put me to work on the report. I
would like to take the time now to express my appreciation for the patience
and financial support you have extended for my Ph.D. program at Washington
State University.

Hhile we have not yet brought the project to completion, several important
phases of the research have been accomplished. For example, since the in-
stallation of the field plots in December 1976, we have regularly gathered
soil samples for analysis, necessary for any long term herbicide residue
evaluation. Also, as I trust the enclosed report will bear out, much of my
efforts have been focused on the laboratory analytical procedure. I have
been working to make ready and sharp the tools needed for accurate and re-
liable results.

You certainly will not be disappointed. Again, thank you for your help and
cooperation.

Joseph T. Majka
Graduate Research Assistant

JTM/vb

Enc.



RESEARCH REPORT

September 1976 - July 1978

FATE OF HERBICIDE ORANGE IN SOILS

Joe Majka

I. EXPERIMENT: Characterization of Herbicide Orange Solubility Introduction:

A problem commonly associated with applications of most pesticides is the solvent,

or media used for dissolving the chemical for purposes of uniform application and

ease of handling.

Method: Samples of Herbicide Orange were mixed with various solvents (50:50

v/v) and allowed to stand for five minutes to determine their suitability as a

carrier for the herbicide.

Results:
: Table 1. Solubility of Herbicide Orange in various solvents after

mixing and standing for 5 minutes.

Solvent Solubility

Water Insoluble- phases separate
Acetone Completely soluble
Methanol Completely soluble
Ethanol Completely soluble
Diethyl ether Completely soluble
Hexane Completely soluble
Cyclohexane Completely soluble
Isooctane Completely soluble
Ethyl acetate Completely soluble
Benzene Completely soluble

'Discussion: Of the solvents tested (Table 1) acetone was selected for field and

most laboratory applications due to its low molecular weight, high volatility,

and good handling characteristics.
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II. EXPERIMENT: Soils Characterization.

Results:

Table 2. Physical and chemical properties of soils used in
studies with Herbicide Orange.

Location

Washington

Wyoming

Mississippi

Soil
Type

silt loam

loam

sandy loam

Sand1
50-20vi

(%}

17.0

37.5

75.5

Silt1

20-2U
(%)

66.1

36.1

19.5

Clay1
<2y

(*)

22.9

26.4

8.0

Organic"
Matter

(X)

.5.0

3.8

2.2

PH3

5.3

7.6

4.3

PH4

4.9

7.1

3.9

Hydrometer Method.
2

Smith-Weldon Modification of Walkley-Black Wet Oxidation Method.
o
Measured in 1:2 (w/v) soil:distilled water.

^Measured in 1:2 (w/v) soil:0.01 M CaCl2.

III. EXPERIMENT: Field Lysimeter study.

Introduction: Since field studies require many months for monitoring, mini-

lysimeters were constructed early in the research program to evaluate herbicide

persistence and movement in the field.

1 Method: Individual lysimeter construction. Cylindrical metal solvent

containers, 27 cm (diameter) by 33 cm (height), with top and bottom lids removed,

were inserted into pits ca. 30 cm deep. The can interiors were lightly greased

-to minimize oxidation or rusting of the cans while in the field. At 10 cm below

the bottom of each lysimeter, ca. one cm pulverized charcoal was layered to

preclude verticle herbicide movement beyond the test plots. Within each lysi-

meter, two ceramic cups connected to nylon tubing were inserted at the bottom

of each metal lysimeter container to collect moisture samples.



Results: Figure 2a. Mini-lysimeter unit diagram.
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2 Method: Field plot layout. The lysimeters were installed in a field

location at the Witlow conservation farm at Pullman, WA (Figure 2b.). After the

metal containers, charcoal, and ceramic cups-tubing were installed, each lysi-

meter was hand-packed with soils from Washington, Wyoming, or Mississippi.

Herbicide Orange was sprinkler-applied to the lysimeter at rates of 1000 or 5000

ppmw, using acetone as the solvent carrier. The sprinkler consisted of a 250 ml

separatory funnel connected to a simple aluminum shower head, with which the

herbicides were manually applied. Immediately after application, ca. two cm of

soil was layered atop of the herbicide application. Two days later, two soil

core subsamples were taken at 0-5 and 5-10 cm within each plot, combined, and

kept in plastic bags. The bags are being stored at -18 C until analyses.

Field plots were set up in 1976 and 1977 for studies of Herbicide Orange

persistence and movement in the soil. In 1976, soils from Washington and Wyoming

were installed, whereas in 1977 soils from Washington and Mississippi were used.

It is our intention to provide for a third year of data in 1978 by again using

the Washington and Mississippi soils. For each year's experiment, 14 lysimeters

were installed including 12 treated plots and two controls. Herbicide treat-

ments were allocated to the 12 plots in a completely randomized design, with

each soil-rate treatment replicated three times. Tables 3 and 4 give the dates

of soil and moisture sampling for the 1976 and 1977 field lysimeters.



Figure 2b. Aerial view of field lysimeter installation for Herbicide Orange residue studies at Pullman, WA.
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Results:

Table 3. Dates of sampling of soils in field lysimeters.

Year Soil Origin Dates Sampled Anticipated Sarnp 1 ing

1976 Washington + Wyoming Dec. 14, 1976
April 19, 1977
Aug. 19, 1977
April 19, 1978

Dec. 19, 1978
April 19, 1979

1977 Washington + Mississippi Aug 2, 1977
Dec. 2, 1977
April 2, 1978

Aug. 2, 1978
Dec. 2, 1978
April 2, 1979

Results:

Table 4. Dates of sampling of soil water in field lysimeters.

Year Soil Origin Date Sampled pH of Water Anticipated sampling

1976 Washington + March 10, 1978 6.1
+ Wyoming +

1977 Mississippi
Nov. through March
(1978 -.1979)
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IV. ANALYTICAL TECHNIQUES

Introduction: To quantitatively measure the persistence and movement of

Herbicide Orange in soil and water, suitable analytical techniques need to be

established. Unlike chemical techniques for extracting and analyzing inorganic

cations or anions which have been satisfactorily worked out, such analyses are

far from satisfactory for most of the organic pesticides, including 2,4-D and

2,4,5-T. As recent as 1974 (2,3), analytical techniques for measuring 2,4-D

and 2,4,5-T in soil and water have continued to be proposed, even though 2,4-D

has been in use over 30 years.

Part of the difficulty of analysis lies in the fact that organic molecules

tend to become "assimilated" into the soil organic fraction in a manner that is

not well understood. As a result, attempts at pesticide extraction from organic

matter is often not efficient nor reproducible. Another part of the difficulty

lies in the technique used for extraction, which causes not only the herbicide to

be released, but other fragmented organic matter constituents as well. It becomes

necessary, then, to isolate the herbicide from these fragmented forms which would

otherwise cause interferences in the analysis e.g. by gas chromatography, light

spectroscopy, etc.

One of the two analytical procedures mentioned above used a Sephadex anion

exchanger for extracting chlorinated phenols and phenoxy acids from soil and water.

The Sephadex anion exchanger technique promises not only to be as efficient com-

pared to traditional methods, but also may speed up analysis time several fold.
14A. Experiment: . C labelled herbicides handling characteristics.

14Introduction: C labelled 2,4-D and 2,4,5-T were used to evaluate all

stages of the Sephadex extraction procedure, because of the rapidness with which

results can be evaluated. It becomes important, then, that all treatments used

would not affect the counting of C radioactivity (i.e. quenching, unaccounted



activity loss, etc.). In the ensuing experiments, the reagents "Omnifluor" and
14"PCS" will be mentioned. Omnifluor is a scintillation cocktail used to count C

in organic solvents, while PCS is a scintillation cocktail used to count C in

aqueous solutions. The purpose of this series of experiments was to make some

preliminary tests on some of the factors affecting counting efficiencies of C

labelled 2,4-D and 2,4,5-T in Omnifluor and PCS cocktails.
14

1 Method: Use of Eppendorf pipettes for sampling C aliquots. In testing

stock solutions for radioactivity, it is important to be able to attain reproduc-

ible withdrawals of the stock solution (i.e. methanol) in small quantities (<25

vil) that would not affect supply volumes. Eppendorf pipettes which utilize a

plastic, disposable tip would be ideal if good reproducibility could be attained.

Table 5. Testing the reproducibility of Eppendorf pipettes in
sampling 10 yl volumes of '4C labelled 2,4-D. Data
are averaged over 6 replications.

Scintillation cocktail
Omnifluor (dpm) PCS+ 4 ml water (dpm)
5021 + 752 5092 + 521

Discussion: The Eppendorf was not suitable for precise transfers of small

volumes of organic solvents. The alternative used at that time was to pour out

a small volume of the C stock solution and dilute it to a larger volume with

the methanol solvent. Pipettes with larger volumes (i.e. 0.1 to 1.0 ml) could

then be used for transfer. This year we found that the 1 yl syringes used for

gas chromatography could be used with high precision, in conjunction with a

heated syringe cleaner.

2 Method: Effects of heating and drying on 2,4-D and 2,4,5-T losses.

Aqueous solutions containing known activities of 2,4-D or 2,4,5-T were counted in

PCS. Another set of aqueous solutions were acidified with HC1 to a pH less than

one, and then dried down with 40 C heating and gentle overhead blowing with nitro-

gen until all water evaporated. The dried extract was again counted using Omnifluor.
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Results:
14Table 6. Effects of heating and drying or direct counting of C 2,4-D

and 2,4,5-T in PCS and Omnifluor, with 4 replications.

Compound Aqueous Extract (PCS) Dried Extract (Omnifluor)

2,4-D

2,4,5-T

(dpm)

708 + 10

774 t 8

(dpm)

710 + 14

764 ± 15

Discussion: Drying down a liquid extract of the herbicides did not affect

their quantitative recoveries. Also, the use of either PCS for aqueous samples

or Omnifluor for organic or dried down samples did not affect detection of the C

material by scintillation techniques. This is important because being able to

use either scintillation cocktail for counting permits direct comparison of data

between two dissimilar solvent media (i.e. water and toluene).

3 Method: Effects of pH on counting efficiency. During the extraction

procedures, 2,4-D and 2,4,5-T are subjected to drastic pH changes, ranging from

zero through 13. It was necessary to determine the influence that such changes

might cause to the counting efficiency. The experiment was conducted similar to

the previous experiment (2), the effects of"heating and drying on 2,4-D and

2,4,5-T losses, except that the aqueous solvents were first acidified to either

pH = 1.8 or made alkaline to pH = 11.2.

Results:

Table 7. Effects of pH on the counting efficiency of 2,4-D and
2,4,5-T from aqueous media. Average of 3 replications.

Aqueous extract (PCS) Dried extract (Omnifluor)

Compound Acid Alkaline Acid Alkaline
(dpm) ( d p m ) ( d p m ) (dpm)

2,4-D 7 3 1 + 2 1 7 2 2 + 1 7 7 1 5 + 1 8 4 5 0 + 1 7

2,4,5-T 769 + 25 755 + 18 776 + 20 469 + 12
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Discussion: Omnifluor could not be used on alkaline extracts of 2,4-D or

2,4,5-T unless the extract is acidified before drying down. Apparently the alkali

impairs the ability of the cocktail to scintillate C beta emmission. One can,

however, use PCS on both acid or alkali solutions.

4 Method: Effect of solvents on scintillation cocktail stability. This "ex-

periment" was not so much an experiment but a lesson in taking the necessary pre-

cautions in procedure before embarking on a large experiment. As mentioned before,

the standards in an experiment are usually prepared by adding the radioactive

material to a scintillation vial, drying it down, and adding a scintillation

cocktail mix such as Omnifluor. In one experiment, however, the methanol solvent

containing the radioactive herbicides was not evaporated off. The results be-

low illustrate what happened.

Results.

Table 8. Effect of methanol on counting of 2,4-D over time when,
mixed with Omnifluor. Results are for one sample.

Time after mixing AES Counts for 2,4-D standard Counts
(hr) (cpm) (dpm)

1 0.5999 31,211 42,121

24 0.5988 8,772 11,839

35 0.6001 7,056 9,522

Discussion: Apparently what was occurring was that the methanol caused a

^deterioration of the scintillation phosphor, which did not permit efficient con-

version of the C beta emmisions to scintillation counts. To demonstrate this,

the entire contents of the scintillation vial were dried down, and a new scintil-

lation cocktail was added to the vial. The counts increased from 9,522 to 40,291

(AES = 0.7022) indicating problems with the phosphor, although full counts were
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never attained. Future experiments should test the compatibility of organic sol-

vents with the scintillation cocktails before mixing the two.

B. EXPERIMENT: Sephadex extraction.

Introduction: Although an analytical procedure was developed and presumably

perfected in another laboratory, the question of its reproducibility in one lab

requires critical evaluation, particularly because of the importance of "tricks"

or special techniques which must be developed by actually working through the pro-

cedure. Another approach would be to contact the author directly concerning

questions pertaining to the analyses. In fact, a letter with several questions

related to the Sephadex extraction technique was forwarded to Lars Renberg, the

author of the article, over six months ago. Yet a reply was never received.

This section will cover some of the experiments used to help develop the technique

in our lab. In all experiments C labelled 2,4-D and 2,4,5-T were employed for

evaluating the analytical procedure.

1 Method: Preparation of the acidic "displacer". An acidic chloride "dis-

placer" was prepared by adding equal volumes of HC1 (0.2 M) and KC1 (0.2 M).

Results: The displacer was a clear, colorless solution, of pH = 1.4.

2 Method: Preparation of the Sephadex ion exchanger in boiling water. Dry

Sephadex QAE-25 was slowly added to boiling distilled water to promote swelling

of the exchanger.

Results: Release of entrapped air during expansion caused vigorous "popping"

within the boiling vessels, so strong that in one case a 500 ml beaker with water

burst on the boiling stand.

Discussion: Due to safety hazards, direct insertion of the Sephadex ex-

changer into boiling water was unacceptable for its preparation.

3 Method: Preparation of the Sephadex exchanger in lukewarm, distilled water

with subsequent heating.
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Results: Same problem as above. Vigorous bubbling or popping of the ex-

changer was unacceptable for lab use.

4 Method: Preparation of the exchanger in distilled water at room temper-

ature for 24 hours. After swelling, the Sephadex was washed on Buchner funnel

with filter paper with 0.2 M KC1, and refrigerator stored.

Discussion: This method for preparing the Sephadex exchanger proved satis-

factory. The only prerequisite is that the exchanger be prepared at least one

day in advance before use. No problem with popping as with the above methods

was encountered. Once prepared, the exchanger could be diluted with distilled

water for improved handling characteristics, such as for pouring into smaller

"bed volumes" or aliquot sample volumes.

5 Method: Testing Sephadex efficacy in retaining 2,4-D and 2,4,5-T from

aqueous solutions. A known amount of non-labelled 2,4-D or 2,4,5-T together

with a known amount of ; C labelled herbicide was added to a known bed volume

of Sephadex, as prescribed in the article. After draining off the aqueous solu-

tion, an acidic chloride displacer plus benzene is mixed with the Sephadex.

The purpose of the acidic chloride displacer is to displace the herbicides from

the Sephadex, and to convert the anionic herbicide forms to their respective acids,

The purpose of the benzene is to partition the displaced herbicides (which now

have a low water solubility) into this organic solvent (which dissolves the herb-

icides readily). Once the herbicides are in the organic phase, such as benzene

in this case, they can be esterified for subsequent gas chromatographic analysis.
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Results:

Table 9. Extracting 2,4-D and 2,4,5-T from an aqueous solution with a
Sephadex anion exchanger. Counts are uncorrected for blank,
averaged over 3 replications.

Herbicide Preparation

2,4-D Standard
Benzene phase (Sephadex)
Acidic displacer (Sephadex)
Unaccounted activity

2,4,5-T Standard
Benzene phase (Sephadex)
Acidic displacer (Sephadex)
Unaccounted activity

Counts
(dpm)

530
46
64

575
35
51

.% of total applied
activity

100.0
8.6
12.0
79.4%

100.0
6.0
8.8

85.2%

Discussion: Little 2,4-D or 2,4,5-T adhered to the Sephadex (indicated by

the low counts in the benzene phase), for reasons unknown. A new batch of *

Sephadex was then prepared for the next experiment using soil extracts.

6 Method: Testing the efficacy of Sephadex for removing 2,4-D and 2,4,5-T

from an alkaline soil extract. The Washington soil was fortified with a known

amount of C-labelled 2,4-D and 2,4,5-T. After 48 hours, the soil was extracted

four times with equal aliquots of a 0.2 M NaOH, and the aliquots combined. A

known volume of the hydroxide extract was added to the Sephadex anion exchanger,

and treated with an acidic displacer and benzene, as described in the previous

experiment.
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Results:

Table 10. Extraction of 2,4-D and 2,4,5-T from a fortified soil with
an alkaline extract, using a Sephadex anion exchanger.
Counts are uncorrected for blank, and are averaged over
3 replications.

Counts % of total applied
Herbicide Preparation (dpm) activity

2,4-D Standard 702 100.0
Benzene phase (Sephadex) 422 60.1
Acidic displacer (Sephadex) 115 16.3
Unaccounted activity - 23.6%

2,4,5-T Standard 770 100.0
Benzene phase (Sephadex) 582 75.5
Acidic displacer (Sephadex) 73 9.4
Unaccounted activity - 15.1%

Discussion: In this experiment, the Sephadex was more successful in re-

covering the herbicides from the soil extract, as indicated by the percent par-

titioned into the benzene phase. However, extraction efficiencies were lower

than reported by Lars Renberg in his article by at least 10%. Another problem

was that blanks were not determined for non-labelled soils, which does not per-

mit accurate budgeting of all the applied radioactivity.

7 Method: Testing the effects of the partitioning organic solvent and of

the Sephadex bed volume in extracting the herbicides from the soil extract.

Part of the reason for the lower than expected extraction efficiencies for the

herbicides may be attributed to the organic solvent used to partition the 2,4-D

and 2,4,5-T acids from the acidic displacer. Benzene is known to have a lower

"p" value than other organic solvents such as ethyl acetate or diethyl ether for

2,4-D or 2,4,5-T. What this means is that benzene has less capacity to "pull"
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or extract the herbicides from an aqueous volume, such as the acidic displacer.

The result would be that less 2,4-D or 2,4,5-T would partition into the benzene

than for the other two solvents, if equal volumes of organic solvents are con-

sidered. Also, it was not known if sufficient "bed volume" or amount of Sephadex

was being used to retain,the herbicide. The purpose of this experiment was to

compare the effects of solvents on herbicide partitioning, and to determine the

effect of increasing the Sephadex bed volume for increasing extraction efficiency.

Results:

Table 11. Extraction of 2,4-D and 2,4,5-T from soil with a Sephadex
anion exchanger over various organic solvents and Sephadex
bed volumes. Data corrected for blank, and averaged over 3
replications.

Compound

Standard
2-4-D

Standard
2,4, 5-T

Solvent

Benzene
Eth Acetate
Benzene
Eth Acetate

.
Benzene
Eth Acetate
Benzene
Eth Acetate

Bed
Volume
(ml)

3
3
5
5

3
3
5
5

Counts
(organic phase)

(dpm)

722
367
510
327
517

789
519
595
504
590

Counts
(acidic displacer)

(dpm)

104
52
102
60

_

75
52
75
65

% extraction
efficiency

(organic phase)
(%)

100
50
70
46
71

100
66
75
63
75

Discussion: Using ethyl acetate over benzene as the partitioning organic

solvent increased extraction efficiencies for 2,4-D nearly 25% and for 2,4,5-T

about 9 to 10%. Since more of the herbicides were partitioned into the organic

phase when ethyl acetate was used, less activity was found in the acidic displacer,

compared with benzene. There was, however, no net increase in extraction efficiency

with.increased Sephadex bed volumes, indicating the present 3 ml bed volume is

sufficient.
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8. Explaining the unexpected. Introduction: After what appeared to be

an encouraging success, a similar experiment was conducted a few days later. How-

ever, once again the Sephadex anion exchanger failed to bind 2,4-D or 2,4,5-T,

leading us to believe that the Sephadex itself was being improperly prepared.

What was needed was a simple technique that could test the efficacy of the Sephadex

batch before the experiment was underway. Although a technique using radioactive

material could be devised, it was more preferable that the technique be able to

monitor non-radioactive compounds. Fortunately, 'both 2,4-D and 2,4,5-T can be

monitored spectrophotometrically if concentrations are sufficiently high. Efforts

were then made to characterize these herbicides via light absorption. These

efforts are further discussed in Section D. in IV. ANALYTICAL PROCEDURES.

After working with the various acid-base buffers discussed in the spectro-

photometry section, it appeared that the problem with the non-binding Sephadex

exchanger usually occurred on Sephadex batches used only a few days previously,

which had been exposed to the acidic displacer. Tests on pH were then conducted

on the Sephadex batches.

Method: Solution pH measurements were made on two Sephadex batches. One

batch was freshly prepared and the other batch was prepared a few days before,

but had been exposed to the acidic displacer.

Results:

Table 12. Testing the pH of two differently treated Sephadex batches.

Sephadex Exchanger Treatment pH Binding Properties

Freshly prepared 4.1 OK

Exposed to acidic displacer <1.0 Non-functional
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Discussion: The problem being encountered all along was one of pH. Ap-

parently, Sephadex is hydrolyzed at low pH's (<2), impairing the anion exchanger

performance. Although the Sephadex-QAE is an anion exchanger due to its covalently

bonded quarternary amines, much of the acidity was retained despite the net

positive charge of the exchanger. This finding is contrary to the claim of Lars

Renberg, who suggested washing the Sephadex exchanger with distilled water after

use, which actually proved to be ineffective for removing sorbed acidity. These

results also indicate the desirability to use freshly prepared exchanger with each

experiment, rather than trying to save a few dollars by recycling used Sephadex

material. It might be possible, though, to regenerate the Sephadex with NaOH

by neutralizing the acidity.

9. Introduction: Effects of pH on 2,4-D and 2,4,5-T Sephadex extraction.

This final extraction experiment evaluated the effects of pH in partitioning the

phenoxyacetic acids onto the Sephadex exchanger. Normally, the 2,4-D and 2,4,5-T

extracted with 0.2 N NaOH are applied to the Sephadex directly at a pH of ca. 11.2

(that of the extracting solvent). Theoretically though, this pH for exchange

with the Sephadex could be lowered considerably since the pK's of both 2,4-D

and 2,4,5-T lie between pH's of 2.64 - 3.46. Thus, by lowering the pH of the

NaOH soil extract, it may be possible to increase the extraction efficiency by

eliminating other competitive groups from the organic matter fragmentation for

sites on the Sephadex. Another possible advantage to lowering the pH should be

to simultaneously preclude interfering substances in the gas chromatographic

.analyses, since only substances which are ionized below the final solution pH

are bound by the Sephadex.

Method: The Good buffer MES was used to maintain the Sephadex and solution

pH to 5.1, while NaOH was used to adjust the pH at 10.6 and 11.2 during the

Sephadex extraction. Ethyl acetate was used as the organic solvent.
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Results:

Table 13. Extraction of 2,4-D and 2,4,5-T from soil extracts with a
Sephadex anion exchanger set at various pH's. Data are
corrected for blank, and averaged over 3 replications.

Compound Extract

PH

2,4-D 5.1

10,6

11.2

2,4,5-T 5.1

10.6

11.2

Recovery in Organic
Phase

(%)

73

71

73

84

85

81

Recovery in Acidic
Displacer

(%)

3.1

3.2

2.3

2.3

2.6

2.5

Unaccounted
For

23.9

25.8

24.7

13.7

12.4

16.5

Discussion: Extraction efficiences for 2,4-D and 2,4,5-T from soil of 73

and 85%, respectively, may not only be attained, but are reproducible when com-

pared with previous experiments. Loss of the herbicides in the acidic displacer-

organic phase partitioning process amounts to 2-3% of the total herbicide applied,

leaving as much as 26% of the 2,4-D and 17% of the 2,4,5-T unaccounted for.

Further research is needed to determine whether the percentage unaccounted for

is still remaining in the soil, or is lost through the inefficiency of the

Sephadex anion exchanger. The question should soon be resolved with the recent

Installation of a $14,000 sample oxidizer to our department, which can convert

C labelled organic carbon materials to C labelled (XL for scintillation

counting.

The decrease in pH from 11.2 to 5.0 or roughly a million fold increase in

acidity did not affect the efficiency of the extraction of 2,4-D or 2,4,5-T.

This encourages us to believe the technique can be manipulated to selectively

analyze for the herbicides of interest.
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C. EXPERIMENT: Esterification.

Introduction: Exterification is the final chemical transformation for

quantitative analysis of the phenoxyacetic acids by gas-liquid chromatography

(GLC). The modification is necessary to decrease the polarities of the acid

herbicides and increase their volatility, so as to make them amenable to

chromatography. Many analytical procedures prescribe the use of the methyl

ester for anlayses, but we chose to analyze the butyl ester instead of the methyl

ester for the following reasons:

a) Retention times. Since many esterified compounds in the soil have ca.

the same retention time as the methylated form of 2,4-D and 2,4,5-T,

butylating these acids would help minimize possible interferences dur-

ing chromatography by increased separation time from interfering sub-

stances.

b) Volatility of the 2,4-D methyl ester. When the evaporative solvents

such as ether are removed during the purification stage, as much as 50%

of the 2,4-D may be lost to volatilization. Conversion of 2,4-D to the

butyl ester would minimize such losses due to its lower vapor pressure.

Two techniques have been shown to give good results for esterifying 2,4-D,

diazoalkylation and boron trifluoride/alcohol(1, 2). These studies, however,

did not give data for butylation by diazoalkylation, nor data for esterifying

2,4,5-T by either method. The purpose of the following studies was to gain ex-

perience in using both techniques and to determine their applicability in our

research.

1. Introduction: Alcohol refluxing. Before either BF^/alcohol or
*5

diazobutane procedures were attempted, we were experimenting with an esterifica-

tion procedure suggested by a researcher at the University of Hawaii.
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Method: In this procedure, n-butyl esters were made by refluxing a mixture

of n-butyl alcohol, toluene, and water for about 72 hours.

Restults: Disastrous.

Discussion: Not only did the refluxing require a great deal of time which

would have been impractical for routine analyses, but the samples could not be

properly analyzed on the gas chromatograph. Unknown to us at the time, toluene

is a solvent used to formulate the stationary phase coating on the gas chromato-

graphic column. When samples were injected into the columns, the stationary phase

was being stripped off the solid support material. This resulted in the destruction

of a chromatographic column, a gamut of uninterpretable and extraneous peaks, not

to mention lack of meaningful data. The efficiency of ca. 80% as claimed by the

researcher, also was not as satisfactory as the next two procedures.

2. Introduction: Boron trifluoride (BF-)/n-butyl alcohol technique. After
O

reviewing the literature, it appeared there were two procedures for esterification

which were fairly rapid and gave 98% esterification efficiencies: BF3/alcohol

and diazoalkylation. After talking with the people at the air pollution lab-

oratory at Washington State University who use the BF3/alcohol procedure, it was

decided to test this procedure first.

Method: Preparation of the BF3 reagent. To prepare the boron trifluoride

reagent for esterification, BF3 gas must be bubbled into a container kept at 0 C.

Some of the precautions we encountered that must be taken before attempting the

preparation are:

i) Tubing. Teflon tubing should be used for transferring the gas from the

gas canister to the alcohol solution. Our problem was that teflon tub-

ing was unobtainable at that time. Tygon tubing was found acceptable

although the BF3 gas reacts with this tubing on contact. After pre-

paring the reagent 2-3 times, the tubing must be replaced.



20

ii) Ventilation and corrosiveness. The reaction of the BF3 gas must be

continuously monitored in a well ventilated hood, since BF3 gas is

highly toxic and damaging to human tissue. Gas leaks are easily de-

tected by the presence of white, puffy smoke.

iii) Pressure problems. Positive pressure must always be maintained from

the gas cylinder while the BF3/alcohol solution is being prepared.

Otherwise, a partial vacuum will cause the alcohol to be drawn through

the tubing and into the regulator valve of the gas canister. In our

lab, this caused the alcohol and tubing to turn a dark maroon color.

Pressure problems occur because pressure gauges cannot be used satis-

factorily with this type of gas (personal communications - local dis-

tributor). On the other hand, it is important to allow the BF3 gas to

be slowly released into the alcohol solution to properly make the rea-

gent.

iv) Batch variability. Since it is difficult to precisely estimate weight

changes in the BF3/alcohol reagent during preparation, it is not poss-

ible to obtain highly reproducible batch concentrations. However, we

have prepared batches with concentrations of 14 to 20% BF3 (w/v) which

appeared equally suitable for routine analyses. In this case, the ex-

perience of the individual preparing the BF3/alcohol mixture is the

best guide for batch uniformity.

v) Connection fittings. Fittings between the gas canister and valve must

be continuous and sealed to prevent BF3 gas leaks. Plastic washers en-

closed by the gas supplier were totally unsatisfactory for such seals.

However, washers cut from soft lead plating remedied this problem.
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Method: Esterification with BF3/alcohol. Once the BF3 reagent was pre-

pared, esterifying the samples with samples was fairly straightforward. Samples

are mixed with n-butyl alcohol plus the BF3 reagent, heated at 80°C for 10-15

minutes, and then added to a hexane-water mixture in a separatory funnel. The

hexane layer containing the herbicide esters was washed and separated from the

aqueous phase twice to remove fluoride impurities, excess n-butyl alcohol, salts,

etc.

The advantages of this technique are:

i) Relative safety. Using the BF3/alcohol reagent, the procedure does not

involve handling strong acids, bases, or chemicals with noxious vapors,

ii) Relatively rapid. If the BF3/alcohol reagent is prepared, 12 samples

at a time may be esterified, requiring approximately 9 min/sample.

iii) Relatively neat and simple. Unless some reagents are accidentally

spilled, the procedure is straightforward and can be adapted for per-

sons with minimum laboratory experience.

The disadvantages of this technique are:

i) Preparation of BF3 reagent. As mentioned above, preparation of the

BF^/alcohol reagent for esterification is time consuming, requires

special apparatus, and under certain circumstances (i.e. leaks, pres-

sure backflow) may be hazardous. The additional time for preparing

the reagents is not included in the 9 min/sample, although ca. 2-3

hours are required to prepare the reagent, preferably at least one

day prior to the analyses.

ii) Possible transfer losses. Although the procedure is fairly uncomplicated,

much time is spent transferring samples from one container to another.

Caution must be exerted not to lose part of the sample during the trans-

fer step.
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iii) Space accomodations. This procedure requires almost a private hood for

holding much of the necessary bulky equipment. For our lab this is

nearly impossible because of the number of persons working there.

3. Introduction: Diazoalkylation. Our laboratory has traditionally used

diazoalkylation for methylating 2,4-D and picloram. Fortunately, the only

change needed to convert a sample to the butyl ester rather than the methyl ester

is in the compound used to generate the diazobutane. Unlike the BF3/alcohol

procedure, there is no additional time spent in preparing the esterifying

reagent, since the diazobutane is simultaneously generated as the sample is

being esterified.

The advantages of this technique are:

i) Minimum laboratory space and equipment. Equipment can be set up and

samples run within a half hour, all under one laboratory hood. For a

laboratory where several people are working and bench space is at a

premium, this is extremely advantageous for routine analyses. In our

lab, this may be the single most important reason for maintaining

this procedure, in spite of its inherent safety hazards,

ii) Direct assay. Unlike the BFg procedure which involves several differ-

ent' procedural motions (or at least seems that way because all the

equipment cannot be located under one hood), diazoalkylation provides

direct access from the extraction step to the GLC analyses. Within

10 minutes the sample is esterified, solvent boiled off and filled up

to the required solvent level, ready for GLC analyses.

The disadvantages of the diazoalkylation procedure are:

i) Hazardous. Considerable caution must be exerted at all times while

working with the reagents since the diazo-compounds are known mutagens.

Rubber or plastic gloves, long sleeve clothing, a well ventilated hood,
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and a disposal drain within the Nhood are minimum safety requirements

for operators working with this type of compound. Explosiveness, an-

other potential hazard, has never been a problem in our lab, partially

because the total amount of diazobutane generated at any given time is

quiet small.

ii) Instability of reagent. The compound from which diazobutane is gener-

ated, is reported to have a short shelf life, even under refrigeration.

However, the stock in our lab has been used for over a year with no ap-

parent decrease is ester yields.

iii) Impurities. Although the literature reports considerable impurities

formed when using this reagent, our experience in working with stock

solutions has indicated impurities are a negligible problem, partly

because the impurities are few and thus far have appeared in trace

amounts (Figures"3, 4, 5, 6).

iv) Complexity. Diazoalkylation is somewhat more difficult to conduct than

the BFg/alcohol procedure. Probably longer time would be required for

training an assistant, due to the greater emphasis on timing of oper-

ations, techniques, and safety precautions involved.

Discussion: 4.

Table 14. Summary of two esterification techniques: BF3/alcohol
and diazoalkylation.

KEY: 5 = Excellent characteristic
1 = Poor characteristic

Total
Analysis Space Ease Esterification

Procedure Time Requirements Hazards Impurities of Use Efficiency

BFo/alcohol 3 1.5 2 (Prepar- 4.5 4 5
13 ation)

5 (Esterifi-
cation)

Diazoalkylation 3 4 1.5 3 2 5
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D. Experiment: Spectrophotometric characterization of 2,4-D and 2,4,5-T.

Introduction: As mentioned in Section 8. of B. Sephadex Extraction, one

way to test the Sephadex efficacy before use would be to monitor its exchanger

characteristics using a solution with a known concentration of 2,4-D or 2,4,5-T.

If the 2,4-D or 2,4,5-T is removed from solution when the Sephadex is added, the

Sephadex is working. If the Sephadex is not functioning, then time and materials

would not be wasted, or an experiment or routine analyses ruined because the

Sephadex did not function properly. The purpose of this section on spectrophoto-

metry was to characterize 2,4-D and 2,4,5-T via ultra-violet light absorption in

both acid and alkali aqueous solvents.

Method: Herbicide standards used were 98% pure. The acidic solution was

prepared in 80% 0.2 M KC1 and 20% 0.2 M HC1 (v/v), pH = 2. The alkaline media

was 0.2 M NaOH, pH = 12.6. All Spectrophotometric measurements, except for the

acidic displacer, were made in the ultraviolet range on a Gilford 240 spectro-

photometer.

Results:

Table 15. Maximum absorptive wavelength, A. v, for 2,4-D and 2,4,5-Tmax
in acid and alkaline aqueous solvents.

Compound

2,4-D

2,4,5-T

Buffer

acid
alkali

acid
alkali

PH

2.0
12,6

2.0
12.6

X max

282
283

287
289-290
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Discussion: Neither the acidic (Figure 7) or alkali (Figure 8) solvents

interfered with the 2,4-D or 2,4,5-T determinations. The acidic displacer absorbed

light only in the far red spectrum, whereas the alkaline solvent absorbed in an

ultraviolet range disparate from those of the herbicide forms.

The 2,4-D and 2,4,5-T herbicides have fairly close, but different absorption

maxima as indicated by their respective X max values (Table 15). The difference

in X max between 2,4-D and 2,4,5-T is attributed to the substitution of a chlorine

atom for a hydrogen at the 5 position on the phenyl ring of 2,4,5-T,the only

molecular difference between the two compounds. Most likely chlorine absorbs

slightly more light than hydrogen, although other factors such as ionic inter-

action, steric orientation, etc. cannot be discounted.

For both 2,4-D and 2,4,5-T anion forms in alkaline media (Figures 9 and 10)

a higher absorbance was shown than for the acid herbicide forms in acidic solvents.

The diagram below illustrates the reaction of the acid form with base:

0-CH2C-OH

NaOH

-0-CH2C-0 Na H20

ACID ANION

It is possible that the transformation of a hydrogen bonded carboxyl to the anion
4.

bonded COO Na may significantly affect light absorption for both 2,4-D and

2,4,5-T, although the theoretical basis for the enhanced adsorption phenomena
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cannot be adequately explained within the scope of spectrophotometric measurements.

The observation of higher light adsorption in the alkaline media was also demon-

strated over a range of selected 2,4-D and 2,4,5-T concentrations (Figures 11, 12),

It is also interesting to note the close proximity of x max values of 2,4-D or

2,4,5-T in acid and alkali.

Both 2,4-D and 2,4,5-T in both acid and alkali were shown to respond to the

Beer-Lambert Equation from absorbances of ca. 0.2 to 1.0 (Fig. 11, 12). That is,

the absorbance of varying concentrations of 2,4-D and 2,4,5-T was proportionally

linear in the range studied. According to Suffet (4), spectrophotometric error

is minimal in the 0.1 to 0.7 absorbance region. Hence, measurements should be

made in this region for precise analytical determinations.

Basically, two limitations underlie the technique; the sensitivity and the

inability to analyze for both herbicides simultaneously. By extrapolating the

aqueous alkali lines to zero absorbance, the lowest part of the detection range,

ca. 44 ppmw for either 2,4-D or 2,4,5-T is possible. By comparison, gas liquid

chromatography can detect down to parts per billion range. Judging from the

close proximity of the 2,4-D and 2,4,5-T peaks, it is estimated the interference

from unequal concentrations of the two compounds in the same solution would con-

found the analysis to make any absorbance readings meaningless. This would have

to be determined experimentally, however.

One hindsight after the experiment was conducted was in the units of con-

centration need to be used before meaningful comparisons between 2,4-D and

2,4,5-T could be established. For example, 2,4-D and 2,4,5-T could not be

directly compared because they were made up in a g/1 basis rather than a molar

standard. In considering comparisons between compounds, one needs to prepare

the solutions on a molar parity rather than mass.
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In summary, then, Sephadex efficacy could be evaluated using suitable

2,4-D or 2,4,5-T standards, but not both within the same mixture.

E. EXPERIMENT: Column Packing for Gas Chromatography.

Introduction: The objective to this experiment in column preparation was

to determine which column packing technique for gas chromatography produced the

more efficient column. This is important to minimize the peak broadening so

evident in earlier experiments (Figure 13), particularly in residue analysis

where several compounds may have similar retention times.

Method: In the first procedure (Column A) the column is shaped to the

desired dimensions and then packed with the support material using a vacuum

source. The second and more traditional procedure (Column B) requires first

filling the column with the support material using gravity feed and tamping,

and then shaping the column to the desired dimensions (Figure 14).

Results: Figures (15, 16, 17, 18, 19, 20 )
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Table L6. Physical characteristics and packing times for the two
columns used in the experiment.

Total
Column Column Support in Packing Preparation
Type Length Column Time Time

(cm) (g) (hr) (hr)

COLUMN A 183 1.85 1 1/2 2
(incl. purge)

COLUMN B 183 1.79 1/2 1/2



Table 17. Comparison of two packing procedures evaluated by various column parameters, using 2,4-D and
2,4,5-T n-butyl esters as test compounds. The packing material was 6% SE-30 on Chromosorb W-HP,
80/100 mesh, loaded into nickel tubing.

COLUMN A COLUMN B
2,4-u n-butyl !,4,5-T n-butyl 2,4-D n-butyl 2,4,5-T n-butyl

Flowrate t tw N HETP
(plates)

(ml/min) (min) (rain) (plates) ( mm )

tr tw N HETP
(plates)

(min) (min) (plates) ( m m )

tr tw N HETP
(plates)

'min) (min) (plates) (ism )

w

(min) (min) (olatesl

HETP
(plates)

25.0 4.3 0.57 937 1.95

35.7 3.3 0.50 684 2.67

52.6 2.7 0.44 602 3.04

7.0 0.91 961 1.90

5.3 0.75 789 2.31

4.4 0.72 593 3.08

4.1 0.75 471 3.88

3.3 0.56 542 3.37

2.4 0.50 366 5.00

6.6 1.13 545

5.3 0.94 506

3.9 0.75 430

3.36

3.61

4.25

PO
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Table 18. Comparison of resolution and separation factors for the n-butyl
esters of 2,4-D and 2,4,5-T on 6% Chrotnosorb W-HP over various
flowrates for two packing procedures.

COLUMN A COLUMN B

Flowrate
(ml/min)

25.0

35.7

52.6

Resolution

3.66

3.20

2.92

Separation
factor

1.66

1.65

1.67

Resolution

2.66

2.66

2.40

Separation
factor

1.66

1.65

1.67
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Discussion: Amounts of solid support used to fill the Columns were similar,

whether vacuum packing or gravity fill-tamping was used (Table 16). Column A

with the vacuum packing had a slightly higher amount of support material. How-

ever, the total time required for packing Column A was 2 hours (packing with

glass beads + repacking with support material) compared to only 30 minutes for

packing Column B. Of that 2 hours, 30 minutes went towards packing with glass

beads and for the remainder 1 1/2 hours was spent on purging the glass beads from

the column followed with vacuum packing. Time for packing column A might be cut

more than 50%, though, if a used column is still in satisfactory condition for

reuse.

Based on the criteria of peak width, plate number, HETP values, and resolu-

tion, Column A (vacuum packing) was evaluated more efficient in chromatographing

the 2,4-D and 2,4,5-T n-butyl esters from Herbicide Orange than Column B, (gravity

fill-tamp) when evaluated over all flow rates used in this experiment (Table 17).

These findings are in contrast with Supina (5) who contended that the Column A

type packing was less efficient than Column B types. Generally, the retention of

the esters, t , in Column A was 0.2 to 0.5 minutes longer than for peak retentions

from column B, which indicates a longer partitioning time in the SE-30 stationary

phase for Column A. This is probably because the greater number of theoretical

plates in Column A, and hence shorter path length or HETP, requires more net

"equilibrations" than in Column B, which on the average, had 40% fewer plates and

thus larger HETP values. However, other factors may also be involved since re-

tention times for the esters were identical in both columns at 37.5 ml/min,

though Column B had ca. 20% less plates than Column A. Possibly unequal sample

injections might have contributed to differences in band widths.
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As alluded to earlier, base widths, t , an indicator of band broadening,

for Column A were narrower than for Column B, probably due to the rupturing of

some intact solid support in Column B during the tube bending process, which

could encourage increase adsorption of the esters on exposed, uncoated support

particles. Another possibility is that the eddy diffusion term may be smaller

in Column A than Column B because the longer packing time plus greater physical

handling of Column A might allow for a greater "settling time" from which the

particles can mesh more effectively with each other. This idea is not well sup-

ported by the similar total support weights for both columns, however.

Plate numbers, N which represent peak broadening as a function of reten-

tion time, were higher in Column A over all flow rates tested, than at any given

flow rate for Column B. From this premise, one would expect greater resolution

in Column A than Column B, and this is indeed the case.

Column A demonstrated greater resolution for separating the 2,4-D and

2,4,5-T n-butyl esters from the Herbicide Orange mixture over all flow rates

tested than Column B (Table 18). Resolution between the two esters in Column A

was more sensitive to flow rate. Since separation is dependent on plate number,

and since separation efficiency increases with increasing plate number, one

could expect Column A to have the higher resolution at the lower flow rates.

Resolution of 2,4-D and 2,4,5-T on Column B appeared to be less affected by flow

rate, although at lower flow rates where plate numbers were the greatest, higher

resolution was attained.

The separation factor for 2,4-D and 2,4,5-T n-butyl esters was constant

over both packing methods and flow rates (Table 18). This was expected, since

the separation factor depends strictly upon the interaction of the solute and

liquid phase or relative volatility, which is a function of the stationary

phase and column temperature.
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V. FUTURE OUTLOOK

We would be premature to say that everything has been nailed down, ready

for the production line. On the other hand, we feel a great deal of progress

has been made and will continue so in the months ahead. Since most of the

problems still center around the extraction procedure, let me mention a few

ideas we have for improvements, not only to augment efficiency and hasten analysis

time, but also to simultaneously reduce interfering contaminants. Such improve-

ments may include:

a) Differential selection of other soil extractants, alone or in con-

junction with NaOH, i.e. HCl-NaOH, hydrogen peroxide, sodium dithionate,

etc.

b) Use of ether rather than ethyl acetate for the partitioning organic

solvent, which is equally effective for 2,4-D and 2,4,5-T. This would

speed up the analytical procedure because the herbicides could be

esterified directly in the ether, rather than having to dry down the

ethyl acetate as is presently done.

c) Convert the Sephadex batch procedure to a semi-column analysis which

might also improve retention and release of the herbicides from the

Sephadex exchanger.

The above suggestions list but a few possibilities for enhancing our program.

Indeed, we are sincerely optimistic in attaining our research objectives.
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WASHINGTON S T E UNIVERSITY
PULLMAN, WASHINGTON 99163

DEPARTMENT OF AGRONOMY AND SOILS
18 September, 1978

Dr. W. J.1" Cairney
Dept. of Chemistry & Biological Sciences
0. S. Air Force Academy
Colorado Springs, CO 808̂ 0

Dear Dr. Cairney,

We were pleased that you and Dr. Alvin Young were able to take the
time for a site visit and review of our research project on the fate of
Herbicide Orange in the soil. We feel that we had gained a great deal by
your visit, not only because we had to gather our data together for pre-
sentation but also because the exchange of information gave us a better
perspective of the scope of research activities on Herbicide Orange.

We are grateful of your encouragement about the progress of our
research. As we promised you, we will be sending you the data on water
analyses in the next few days, in time for your 3 October review. This set
of data constitutes the final portion of report for Phase III of the pro-
ject.

The final phase of the project, Phase IV, begins 1 October 1978 and
ends 30 June ,1979. It consists of data gathering, summarizing, and inter-
preting, in the form of a Ph. D. thesis by Joe Majka. The proposed budget
is as follows:

Salary (-|-time research assistant
for the 9-mon~kln duration)

Benefits (12$ of salary) 518.98
Supplies and services lUOO.OO
Travel 1000.00

Total direct cost: 72^3.Bk
Indirect cost (37$ of direct cost) 2680.22

TOTAL: $992̂ .06

A sum of $1000.00 is designated for travel to a symposium to discuss our
research work in late April 1979-

We would also like to present a paper entitled:"Soil Degradation of
2,1|-D and 2,̂ ,5-T at High Application Rates" by J. T. Majka and H. H. Cheng,
at the February 1979 meeting of the Weed Science Society of America at San
Francisco. An abstract of our paper is attached herewith. We will send you
a copy of our text in December for your review.



Cairney - Page 2
18 September 1978

We are scheduling to take soil samples from our field mini-lysimeters
in the latter part of October. We will send you the samples according to the
protocol we drew up during your visit here. I presume that you will distribute
the samples to Utah and Nebraska.

During your visit, we discussed about the valuableness of the mini-
lysimeters for long term studies. You expressed some interests about further
research taking advantage of this capability. When we complete our current
experiments and have a chance to evaluate our data next spring, we hope to
explore with you then about possible future research.

Sincerely yours,

H. H. Cheng / /
Professor of Soils

\J
cc: A. L. Young

J. T. Majka
Attachment
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INTERIM REPORT

THE FATE OF HERBICIDE ORANGE IN SOIL
September 25, 1978
Joseph T. Majka and H.H. Cheng

ANALYSIS OF WATER SAMPLES FROM FIELD MINI-LYSIMETERS

Method: The lyslmeters were installed in a field location at the Witlow

conservation farm at Pullman, Wa. (Figure 1). After the metal containers,

charcoal, and ceramic cups-tubing were installed, each lysimeter ..was hand

packed with soils from Washington, Wyoming, or Mississippi. Herbicide Orange

was sprinkler-applied to the lysimeter at rates of 1120 and 5600 kg/ha, using

acetone as the solvent carrier. The sprinkler consisted of a 250 ml sepa-

rator y funnel connected to a simple aluminum shower head, with which the

herbicides were applied. Jnjmedi,at;ely after application, ca. two cm of soil

was layered atop of the herbicide application.

Field plots vejre s6t up in 106 and 19)7 for studies of Herbicide Orange

persistence andmovement In the soil. In 1976, soils from Washington and

Wyoming were installed, whereas in 1977 soils from Washington and Mississippi

were used. For «ach year';s experiment, 14 lysimeters were installed including
• - - :'' ' - „*. ;'&''; '• :' - ' \ : • , - • - ' - " ' ' - * ''- '

12 treated plots and twe.cbiit̂ ois. Herbicide treatments were allocated in the

12 plotfin a eonpieteiy tas&miz&d design, with each soil-rate treatment

repjicait̂ a",̂ h?̂ rtiffes. vta|>3,el gives the dates for herbicide application

and the tijae of Jioisture ŝ aipilrig for the 1976 and 1977 ̂ield lysimeter^ At

the time of sampling, the water table beneath the field was.probably well

within 30 cm of;the surface, since over 400 ml water was:collected from each

lysimeter wittiin a 24 Ijour period. :

Water samples were acidified to pH 1.8 with phosphoric acid, and 150 ml
• ', •' *• •' ' ' ', "- ' -' "

water extracted twice with 50 nil portions of diethyl ether. The herbicides

were converted to their respective n-butyl esters with diazobutane, and analyzed

with a gas chromatograph equipped with a Ni-63 electron capture detector.



.,,-• ., V .; - TABLE 1.

Dates of herbicide Orange application and moisture sampling of field
mini-flysiiaeters at Pullman, Wa.

YEAR SOfeCailSlS":'•:':;:— ',„,'-",%-• ; > 0RANGE APFLICATICHt DATE MOISTURE SAMPLING DATE WATER pH

197i WaSnlngton 4; Wycnaing v December 12, 1976 March 10, 1978 6.1

"197-7 Washington ̂  Miisissipp;!. ^August 1, 1977 March 10, 1978 6.1



TABLE 2.

Water Analysis for 2,4—D and 2,4,5—T in mini-lysimeters constructed in 1976.

1976 Soil
u range
Rate
(Kg/ ha)

Rep 2,4-D Cone, in Water
(yg/1 H20 or ppmw)

2,4,5-T Cone, in Water
(pg/1 H-0 or ppmw)

Palouse 1120
silt loam

2
3

170

460
300

3510

15790
8470

5600 1
2
3

850
790
440

3790
2700
2200

Palouse check o.o o.o

Wyoming J.120
loam '

2
3'.

13660

12070

560 1
:2

3

'.516
' 300
890

6230
12190
11490

Wyoming check 60 260



TABLE 3

Water analyses for 2,4-D and 2,4,5-T in minl-lysimeters constructed In 1977.

Orange
1977 Soil Rate

(kg/ha)

Palouse 1120
silt loam

5600

Palouse check

Mississippi 1120
sandy loam

5600 •

Rep

1

2
3

1
2
3

-.

1
: -2 •/.-
3

; i .: :: \.
z : •':'••

• 3 ' , - •

2,4-D Cone, in Water

CWl H 0 or pnnKfT )
V ^ u

600

200
220

1470
590
1020

180

2930
12890
1220

; 18700
12980
11960

2,4,5-T Cone, in Water
(p)/l H00 or ppmw)
d

11390

1140
2040

3180
3210
3330

630

5650
6710
3410

505Q
4340
3170

Mississippi check o.o o.o



Discussion: Before these data can be objectively evaluated, particular

attention must be given to both the analytical procedure and field con-

ditions under which the experiment was conducted.

In the analytical procedure, all data must be regarded as preliminary,

without correction, due to changes in the standard curve during the analyses

caused by overloading of the column by high herbicide concentrations in the

samples. Since the discovery of the problem, all data must be re-evaluated

before final conclusions may be drawn.

In the field, water samples were collected under soil moisture conditions

that may not be appropriatedly termed "leaching" in the usual sense of the

term. For example, as was previously mentioned, water samples were rapidly

collected during a period in which downward water movement was extremely

slow due to the presence of a high water table. What, is not known to us at

this time is whether or not the herbicid$6 actually, "leached" downward with

the water from naturalprecipitation, or;whether:the herbicides merely dif-

fused throughout fche^aoil matrlS; due to extended saturating conditions

within each;lysimefc;er, or moved via b,otti processes. This may be clarified
-•' "' • v '• ' '• '' , ' ' - • '' • ' ' ' • " ' • ' , ' " '"

with the following tiagrams:: "' • ; ; - • " ' " " v ' •'. '- • , . ' ' ' • . ••:-', " • ' - .;,• ; ' .'•

In (a) ideal learning-r water moves
1 downward

, > carrying
herbicides

In (b) Our

.herbicides
move down
p̂rpflle with
water

^not only had(a) but also a high Water table:

moves
upward with
water table,
saturating
lysimeter

Herbicide

herbicides diffuse
throughout lyslaeter
due to saturating
conditions. Down-
ward leaching is the
next process.



The second situation.or (b) is important to consider because it provides

only limited applicability of data to situations representing leaching

in typical, well-drained soil. On the other hand, high water tables during

the winter months is not atypical in the Palouse region during a wet year.

Or for that matter in the country as a whole.

By 1960, over 153 million acres of land were artificially drained in over

40 of our continental states. Even then, drainage during late winter and

early.spring months and the lowering of water tables in these areas is

imperfect in most situations. Also, the presence of tillage pans or other

subsurface layers may obstruct drainage down the profile, which could

also induce d temporary saturated condition conducive for herbicide movement,

even in apparently veil " drained soils.

It may be noted that residues were found in water samples collected from

the control plots. It has yet to be affirmed whether their presence is due

to cross-contafflinatipn of the sample during analyses, lateral herbicide move-

, ment from nearby plots (eee Figure 1). or both.

Jn conclusion, before th« data included in this report can be meaningfully
•". •, ' '''•". '','•.'•' ;''-;M, ,'v\- :V,' '•.-•"'<"'•-' ; • • '.'"•-'" ••-'•• -'-••'•' ''•''': ',' • , "

interpreted, ;bjoth t|wft an̂ ly'tica?. pracedures and additional data from ;sotl analyses

t o " b ' '



Figure ^ Aerial jpw of field lysimeter install atip for Herbicide Orange residue studies at Pul»», WA,
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3 October If78

H. H.
0£ Agrotwtmy mi Sails"

Dear Dr* Cheag - . - . ' - - '."v--.- "' *• -' •"-"''.;- - . ' . "• > - v .

Thank you for your latter of 18 Septamber. Dr. Young and 1 genuinely
enjoyed our visit with you. With your unique ctpabilitias And the ex-
callant manner in which Joe Majka is approaching the problem, some
excaHent data should be obtained in the near future. .. \..

Your pifesentation abstract looks good, -: • It is my personal desire (and I' "* "

Thank you also for the breakdown of the Phase IV budget. This will be
helpful in preparing our "request for contract, " It should enable us to
hav* a contract in process as soon as our new fiscal year funding is" - ' ' " ' " ~ "' ''''"

As for the soil samples you will be sending, they will get to Utah and
Nebraska quickly regardless of whether you send them fee Or. Young or

Again, thank you for your hospitality. We look forward .to visiting
once more, hopefully in the not- too-distant future.

Sincerely

t uâ ot, USA?, PBP ey t«M caps Aivin x..
Associate prefessQ? of Biological Science
Dept of Chemistry and Biological Sciences
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DEPARTMENT OF THE AIR FORCE ~
USAF OCCUPATIONAL AND ENVIRONMENTAL HEALTH LABORATORY (AFSC)

BROOKS AIR FORCE BASE, TEXAS 7823S

2 8 DEC 1978

Trip Report, University of Utah and Washington State University,
10-15 Sep 78

EC
SU
QE
CV
cc
IN TURN

1. Place: Flammability Research Center (FRC), University of Utah,
Salt Lake City UT; and, Department of Agronomy and Soils, Washington
State University, Pullman WA.

2. Inclusive Dates of Travel: 10-15 Sep 78.

3. Person Making Trip: Captain Alvin L. Young

4. Mode of Transportation: Commercial Air

5. Purpose of Trip: To review contractual research in support of the
Herbicide Orange Site Monitoring Project (USAF OEHL Special Project
78-8) and to discuss contractual efforts for FY 79.

6. Persons Contacted:

Dr B. Mason Hughes, FRC, Director, Chemical-Analytical Group
Mr Leonard Wojcik, FRC Analytical Chemist
Mr William McClennan, FRC Analytical Chemist
Dr H. H. Cheng, WSU Professor of Soil Science
Mr Joseph Mijka, WSU Graduate Student
Maj William J. Cairney, Herbicide Orange Project Officer, Department
of Chemistry and Biological Sciences, USAF Academy CO.

7. Comments and Observations:

A. On 11 Sep 78, Maj Cairney and I visited the AFLC Test Range
Complex, 75 miles west of Salt Lake City. Twenty-four soil samples were
collected from the Herbicide Orange Biodegradation Plots (Atch 1). These
plots were established in October 1972 and have been periodically sampled
since that date. Herbicide odor was readily detected in soil from most
plots. All samples will be analyzed for herbicides (USAF SAM/NGP,
Lt Col Arnold) and microorganisms (USAFA/DFCBS, Maj Cairney). Selected
samples will be analyzed for degradation products (FRC, Dr Hughes) and
TCDD (University of Nebraska, Dr Gross). Data from these plots may
provide an insight to the degradative processes occurring at the



Herbicide Storage Sites (Naval Construction Battalion Center and
Johnston Island).

B. A project review on the University of Utah contract (USAFA No.
561178C0062) was held at the Flammability Research Center (FRC)}
University of Utah, on 12 Sep 78. Dr Hughes, Mr Wojcik, and Mr'McClennen
presented reports on the methodology and analytical results of the 100
soil samples submitted January 1978. A demonstration of the extraction
method and analysis procedure was given. A final report is to be
submitted following termination of the fiscal year. I requested that
this report contain not only the final results of all analyses, but also
methods, extraction efficiency, analytical reproducibility, and a
laboratory safety report. A discussion was held on the FY 79 effort.
This will be a continuation contract of the present effort. Phase I will
involve the component analyses of 180 samples ($72,000). Phase II will
involve a detailed examination of 10 samples for identification of unknown
compounds ($10,000).

C. A project review on the Washington State University contract
(USAFA No. 561178M5649) was held at the Department of Agronomy and Soils,
Washington State University, on 14 Sep 78. Dr Cheng and Mr Mijka
presented reports on the Washington State University studies on the field
degradation of Herbicide Orange. This project has been an on-going study
since 1976. An interim report of the present status is attached (Atch 2).
This project will terminate in a Ph.D. dissertation/or Mr Mijka in June
1979. I discussed with Dr Cheng the importance of completing this project
as soon as possible. A proposed fourth and final phase effort for FY 79
of $9,925.00 was discussed.

8. Recommendations:

A. All phases of the Herbicide Orange Site Monitoring Project are
continuing in a timely manner. Significant data on the fate of Herbicide
Orange in the Soils of NCBC and Johnston Island are now available. I
recommend that a conference on the project be scheduled for all interested
Air Force and contractual personnel for late April 1979. This conference
could be held at the USAF Academy with the objective being to compare and
evaluate analytical methods and resultant data and to determine signifi-
cance of the data. A tentative program might include the following:

Overview, Herbicide Orange Site Monitoring Project - A. L. Young
Historical Review of the Herbicde Project - A. L. Young
Biological Fate of TCDD in the Environment - C. E. Thai ken
Fate of Herbicide Orange in Biodegradation Plots - E. L. Arnold
Washington State University Herbicide Studies - H. H. Cheng, J. Mijka
University of Utah Herbicide Studies - B. M. Hughes, L. Wojcik
University of Nebraska TCDD Studies - M. L. Gross
USAF Academy Microbial Studies - W. J. Cairney
Laboratory Safety Procedures/Health
Advisory Committee Functions - W. McClennen



B. Personnel from Wright-Patterson AFB OH (AFLC) and Eg!in AFB FL
would also be invited. I've discussed this project conference with
Maj Cairney and he concurs on its importance and that it could be held
at the Air Force Academy.

ALVIN L. YOUNG, Captain, USAF, Ph.D. 2 Atch
Environmental Sciences Consultant 1. AFLC Plots

2. WSU Interim Report



SOIL SAMPLES
HERBICIDE ORANGE BIODEGRADATION PLOTS

AFLC TEST RANGE COMPLEX, UTAH
11 SEP 78

SAMPLE NO.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

PLOT NO.

I

I

I

I

II

II

II

II

III

III

III

III

IV

IV

IV

IV

V

V

V

V

VI

VI

VI

VI

DESCRIPTION

1,100 kg/ha

1,100 kg/ha

1,100 kg/ha

1,100 kg/ha

1,100 kg/ha

1,100 kg/ha

1,100 kg/ha

1,100 kg/ha

2,200 kg/ha

2,200 kg/ha

2,200 kg/ha

2,200 kg/ha

2,200 kg/ha

2,200 kg/ha

2,200 kg/ha

2,200 kg/ha

4,400 kg/ha

4,400 kg/ha

4,400 kg/ha

4,400 kg/ha

4,400 kg/ha

4,400 kg/ha

4,400 kg/ha

4,400 kg/ha

DEPTH

0-15 cm

15-30

0-15

15-30

0-15

15-30

0-15

15-30

0-15

15-30

0-15

15-30

0-15

15-30

0-15

15-30

0-15

15-30

0-15

15-30

0-15

15-30

0-15

15-30

ODOR RATING*

1

0

1

0

1

0

3

0

3

1

2

0

5

0

3

0

4

0

6

3

6

3

3

0

*0=No Odor, 6=Strong Odor

Atch 1



ABSTRACT FORM S

Soil Degradation of 2, 4-D and2,4,5-T at High Application Rates. J. T. Hajka

and H. H. Cheng, Washington State University, Pullman.

Information is needed on the effects of bulk herbicide spills such as from

container leakages or burials which could result in excessively high soil residu

concentrations. The degradation of herbicide at high concentrations could be

significantly different from that at low-concentrations. Research was conducted

to study the simultaneous degradation of 254-D and 2,4,5-T n-butyl esters

applied at rates comparable to a spill in a silt loam and a sandy loam soil unde

both laboratory and field mini-lysimeter conditions. Laboratory incubation of

soils treated with k, 1000., 5000 and 10,000 ppmw of a combination of ring or

side chain labeled C-2,4»D or C-2,4,5,~T n-butyl esters were conducted to
.;

provide information on rates, on probable pathways of degradation, and on meta-

bolite identification. The field study, using tnini-lysimeters treated with

1120 and 5600 kg/ha of 2,4-D and 2,4,5-T n-butyl ester combinations,is aimed to

assess the effect of soil and climatic conditions on both the degradation and

leaching processes. Subsoil pollution through possible herbicide leaching in

the mini-lysimeter was precluded by layering a charcoal trap below each lysi-

meter container. Water samples collected from mini-lysimeters installed in

1976 and 1977 revealed significant leaching of 2,4-D and 2,4,5-T to a 30 cm

depth in all treated plots. A rapid analytical technique using a Sephadex

anion exchanger was developed for the simultaneous extraction of 2,4-D and 2,4,5'

from soils. Preliminary studies with the Sephadex exchanger showed efficiences <

75 and 85% for 2,4-D and 2,4,5-T recoveries.

_ » WSSA Pr*e»a Chairman,
Weed icocsarch Station, Box 440, Regiiia, Saskatchewan, S4P 3A2.



WASHINGTON SI ATE UNIVERSITY
PULLMAN, WASHINGTON 99163

DEPARTMENT OF AGRONOMY AND SOILS

8 March 1979

Major Alvin L. Young
USAF Occupational & Environmental

Health Laboratory
Kelly Air Force Base, Texas 782̂ 1

Major William J. Cairney
Department of Chemistry and Biolgical Science
U. S. Air Force Academy
Colorado Springs, C08o8ifO

Dear Al and Bill,

Attached please find an interim report summarying our research
activities up to this date. I have also included a copy of the materials
we presented at the Weed Science Society of America meeting. We are now
working intensely in finishing up the analyses of the soil samples. A
supplemental funding will greatly help in securing the extra hand we need
in the laboratory.

I am sure that your plans for the May symposium is shaping up. We
will be preparing a report of our work, with the major emphasis on the
field mini-lysimter results. I hope that this approach is acceptable with
you.

After an unusually long winter, we are enjoying some lovely spring
and sunny weather. Best wishes.

Sincerely yours,

H. H. Cheng
Professor

HHC:j
Attachments



Interim Report

FATE OF HERBICIDE ORANGE IN SOIL

8 March 1979

J. T. Majka and H. H. Cheng

The attached paper is a copy of the materials presented at the poster session

at the Weed Science Society of America meeting, San Francisco, 6-8 February 1979.

The paper 'was entitled: SOIL DEGRADATION OF 2,U-D AND 2,4,5-T AT HIGH APPLICATION

RATES. The format for the poster is illustrated on the first page, with the number'

in each block signifying the page number of the attached paper. Please note that

in simplifying the information to improve readability, we lost precision in descrip-

tions. For instance, "Mississippi sandy loam" is a misnomer; and the labels for the

y-axis on pp. 4-7 should be"$, added C evolved as C02" instead of "% degraded".

Currently our research efforts are being directed in the following areas:

(1) Laboratory incubation experiment: This experiment is being replicated. The soil

samples from the first incubation experiment will be extracted for residue analysis.

(2) Field mini-lysimeter experiment: Soil samples taken periodically from all 1976,

1977 > and 1978 lysimeters are continued to be analyzed for residual herbicide contents.

At present, soil has warmed up sufficiently to permit us to take water samples from

the lysimeters. Selected lysimeters will be exhumed for study to determine the dis-

tribution of the herbicide remaining in the soil.

(3) Chlorophenols studies: Attempts will be made to synthesize C-labeled chloro-

phenols for our laboratory studies. We are currently evaluating procedures for the

extraction of these compounds from soils. The degradation of 2,h-dichlorophenol and

2,4,5-trichlorophenol under laboratory conditions will be monitored.

A bottleneck in our progress toward completion of this research project is the

handling of soil samples through the various steps of drying, grinding, weighing,

extracting, esterifying, condensing, before the final analysis on a gas chromatograph.

We have recently hired a time-slip help to assist Joe to expedite his work. A supple-

mental allocation of $2,000.00 to our budget will greatly help in paying for this

extra assistance we are putting into this project.
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SOIL BIODEGRADATION Or HERBICIDE ORANGE

Investigators; H. H. Cheng
J. T. Majka

Most of the soil biociecjradation research on Herbicide Orange conducted

at Washington State University has been concerned primarily with the fate of

massive applications of the herbicide to soils selected from three states:

Washington, Wyoming, and Mississippi. The underlying question that this re-

search attempted to answer was, "What happens to massive amounts of herbicide

spilled on the soil?" To answer this question, both laboratory and field ex-

periments were conducted over a three year period on degradation, field dis-

sipations and field mobility of Herbicide Orange. The results of the above

research are currently being compiled arid collated (see COMPLETION SCHEDULE)

into a doctoral dissertation.

The research cited above, however, did not attempt to answer two vital

questions complimentary to the research originally conducted. The first ques-

tion is, "Now that the problem of high herbicide concentrations in soils has

been defined, what can be done to accelerate decomposition/detoxification, of

the herbicide in soil?" This question is applicable particularly to the

Mississippi soil., whose capacity to degrade the herbicides was-found to be

severely limited compared with either the Wyoming or Washington soils.

The second unanswered question is, "Are toxic metabolites accumulating

in the environment as a result of the decomposing herbicides?" The litera-

ture suggests that the chlorinated phenols could be among the major metabolites

of the chloro-phenoxyacetic herbicides. Most studies have only used the

herbicides at low concentration and these results may or may not be extrapo-

lated to predict the occurrences at high concentrations.
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The most effective and systematic strategy to detoxifying chemical resi-

dues in soils is an integrated strategy. One major objective of this strategy

would- be to enhance the soil's capacity to degrade these xenobiotics. At this

time, however, specific information regarding the manipulation of the vari-

ables which regulate massive herbicide-soil detoxification processes are not

available, although our basic understanding of the environment does provide

a basis to approach the problem.

A suggested integrated strategy to enhance the soil's capacity to degrade

Herbicide Orange will probably include the following approaches:

1. Adjust soil pH by liming.

2. Increase soil fertility. •

3. Revegetate contaminated areas.

4. Determine the potential hazard of toxic metabolite accumulation

from the parent herbicides.

The first three approaches represent an approach to enhancing the soil's

capacity to degrade the herbicides, while the fourth approach can inform us

as to the potential hazards arising from the decomposition of Herbicide Orange.

Adjust soil pH by liming. The Mississippi soil is very acidic even in

its natural erivironmer, :. Its inherent strong acidity is probably the major

reason for its low capacity not for degrading the herbicides, but even for

supporting plant growth, as demonstrated by a lack of plant growth in our

Mississippi check plot mini-lysimeters. Moreover, we found that additions

of massive amounts of herbicide had lowered the soil pH even further. In

both laboratory and field soils, decreases in soil pH up to one pH unit have

been observed in the Mississippi soil, making the soil extremely acidic.

The low soil pH in either case bodes a hostile environment for both bacterial
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and actinomycete micro-organisms, both groups of which are the major soil

decomposers of the phenoxy herbicides. By raising the soil pH, the fertility

of the Mississippi soil could be improved simultaneously, since problems with

aluminum and micronutrient toxicities could be eliminated.

Increase soil fertility. It is reasonable to assume a close relationship

between a soil's capacity to degrade a chemical, and its fertility status,

since the variables associated with both are generally considered the same,

i.e. pH, organic matter, clay, etc. A direct consequence of this relationship

is that a fertile soil can support a healthy and diverse microbial population

capable of degrading herbicides. To increase soil fertility, organic residues

might be incorporated into the soil accompanied with moderate fertilizer ap-

plications.

Revegetate contaminated areas. Being able to establish plant communities

in the Mississippi soil would partially reflect the success of meeting proposals

#1 and #2, which are prerequisites for insuring that the Mississippi soil would

be capable of supporting plant growth. Growth of plants on or near the con-

taminated areas would:

a) Improve the aesthetic appearance of the contaminated zones and

tend to negate impressions that there even is_ a herbicide residue

problem.

b) Provide a continuous source of organic matter through root and stem

decomposition so as to maintain soil microorganism bioactivity.

c) Reduce downward leaching of the herbicides by immobilizing and re-

cycling the mobile herbicide through root uptake back to the soil

surface.
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To assist in the initial revegetatiori procedure, clean soil strips or

plant protectants such as activated charcoal could be used to introduce and

establish phenoxy resistant plant species such as grasses and deep rooted

perennials.

Determine^the potential hazard of toxic metaboljte accumulations fr.om_

the parent herbicides. It is essential to accurately predict if the

chlorinated phenols are accumulating in soils treated with massive herbicide

dosages, and if they are resistant to microbial breakdown. In their pure

formulations, the di- and tri-chlorophenols are considered toxic irritants,

and more hazardous to humans than either 2,4-D or 2,4,5-T. Preliminary re-

search in our lab indicates that the Washington soil has the capacity to

significantly degrade both the di- and tri-chlorophenols to carbon dioxide in

concentrations up to 100 ppmw, but the Mississippi soil has only an extremely

limited capacity. Our field mini-lysimeters provide us an excellent opportunity

to determine if the chlorinated phenol metabolites are building up in soils

receiving massive 2,4-D and 2,4,5-T applications.

Preliminary studies under approaches 1 and 4 are now underway in our

laboratory. We hope to pursue these research directions to their fruitful

conclusions. If we are successful in these studies, we hope to expand our

efforts to include work under approaches 2 and 3.
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COMPLETION SCHEDULE FOR THE FATE OF liEPJJIClD: ORANGE IN SOIL

Status

1. Laboratory

a) First incubation study
(2,4-D and 2,4,5-T at
1, 1000, 5000, and
10,000 ppmw in WA & MS
soils)

b) Second incubation study
(2,4-D, 2,4,5-T,
2,4-dichlorphenol,
2,4,5-trichlorophenol
in WA & MS soils)

2. Field Mini-lysimeters

a) 1976 Lysimeters: Water
(2,4-D and 2,4,5-T at
560 kg/ha and
2800 kg/ha in WA & WY
soils) Soils

b) 1977 lysimeters: Water
(2,4-D and 2,4,5-T
at 560 kg/ha and
2800 kg/ha in WA
and MS soils) Soils

c) 1978 lysimeters: Water
(2,4-D and 2,4,5-T
at 560 kg/ha and
2800 kg/ha in WA
and MS soils)

Soil Analysis Procedure
Verif ica t ion.
(2,4-D and 2,4,5-T in WA, WY
and MS soils)

Write up of calculations,
statistical analysis, results
and discussion.

Incubation and Analysis - 95% completed.

Incubation nearly
completed. Analysis - 80% completed,

Analysis of 1977
and 1978 leachate
samples.

Analysis of 1976
samples.

Analysis of 1977
and 1978 leachate
samples.

Analysis of 1977
samples.

Analysis of 1978
leachate samples.

100% completed.

80% completed.

100% completed.

20% completed.

100% comoleted.

80% completed.

10% completed.
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Dear Bill and Al,

Greetings from Germany J In my hurry leaving Pullman to come
here I forgot to bring al's address. Thus I am sending this letter
to both of you and hope that Bill will make a copy for Al, The last
month or so has been extremely hectic for me. Right after returning
from visiting with you, I had a student finishing up his Ph.D. thesis
and examination, So I had llttle'̂ TQ prepare for the trip to Europe.
On top of that, we were trying to arrange schools in England for our
boys. We were not even sure if they would be accepted until we got to
England. Then all the last minute preparations to get them settled in
their schools. Finally we arrived here and are getting settled down.
I look forward to a less hectic pace but more time for reading, writing
and some laboratory experimentation,

1 wish to thank you both for the time and hospitality you gave
us during the review of our research project. We were glad to have had
this opportunity to summarise for you our research effort for the last
three years. The preparation for presentation also helped Joe to realize
the scope of his effort as well as the information he would still need
to complete this research project. He is now preparing the technical
report which will be send to me for review in early October. We will
have the complete report ready 'to send ''you before the end of October
as planned, Joe is expected to complete his thesis and examination by
January,

As we mentioned to you during our visit, we would like jbo submit
a new proposal which will extend the present objectives to study methoc
for enhancing the capacity of a soil to degrade massive doses of herbi-
cides. The proposed research should bring our total effort to a logical
conclusion, Sinqe our program is already geared to this proposed work,
it will take only a small finding to complete the need study. Anytime
later or by any other group to start into this study would cost many
times more, w© do hope that you will have the flexibility in your new
budget to include support for this proposed project, I look forward to
hearing from you sopn,

Sincerely yours,

Gastmssenschaftier

Telefon-5amm«l-Nr. (02461) ill T»lax-Nr.; 833556 kfa d



WASHINGTON HATE UNIVERSITY
PULLMAN, WASHINGTON 99164

DEPARTMENT OF AGRONOMY AND SOILS

October 29, 1979

Alvin L. Young, Major, Ph.D.
Pesticide Consultant
Department of the Air Force
USAF Occupational and Environmental

Health Laboratory
Kelly Air Force Base, Texas 78241

Dear Dr. Young:

Greetings! Enclosed is your copy of the USAF technical report "The
Fate of Herbicide Orange Applied to Three Soils at Massive Rates."
A second copy of this report is being mailed to Major Cairney. As I
mentioned in our telephone conversation on October 18, this manuscript
contains most of the data except for the 1977 field mini-lysimeter
analyses for the Washington and Mississippi soils. Those results
should be forthcoming by the end of November. At that time you should
receive not only the 1977 data, but also the accompanying changes in
the Abstract and Results and Discussion sections. The report has been
written so that one will need only substitute the pages with the cor-
rections for those pages requiring the necessary changes. In this way,
the continuity of the page numberings and tables listing will be re-
tained with a minimum of alteration. I should also like to credit Dr.
Cheng and Dr. B. L. McNeal (who is serving as my surrogate advisor) for
their assistance in reviewing this report.

I am presently drafting a research proposal for funding on a systems
approach for detoxifying Herbicide Orange in soils. After Dr. Cheng
has reviewed the draft proposal I will mail a copy of the final propos-
al to both you and Major Cairney. We hope to have the report to you
also by the end of November.

We would also like to present a paper entitled "Soil Dissipation of Mas-
sive Applications of 2,4-D and 2,4,5-T to Field Mini-Lysimeters" by
Joseph T. Majka and H. H. Cheng, at the February 1980 meeting of the
Weed Science Society of America at Toronto, Canada. An abstract of our
paper is attached herewith.

Aside from business, I would like to thank you for your hospitality dur-
ing my stay at the Air Force Academy. I hope you enjoyed my presentation
as much as I enjoyed the relaxed, informal atmosphere with which the
seminar was conducted. About two weeks after the meeting, Marie gave
birth to a healthy baby boy. Needless to say, we are proud parents
indeed 1



Alvin L. Young, Major
October 29, 1979
Page 2

Should there be any changes in our scheduling, I will be sure to keep you
posted. Thank you for your patience, support, and encouragement for my
doctoral program at Washington State University.

Sincerely,
T~

/ " /
!/ »!'

Joseph T. Majka
Graduate Research Assistant

JTM/dr
enc.
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: ABSTRACT I

Despite considerable literature on pesticide persistence and degrada-

tion in soils at normal application rates, information is needed on the
'• ' •' ''r.' -
residual effects of bulk chemical spills, which may include spillage,

pesticide container leakage, or burials. The degradation of pesticides

at high concentrations could be significantly different from that at low

, concentrations. Research was conducted to study the simultaneous degra-

dation or dissipation of Herbicide Orange material, a 50:50 mixture of

the 2,4-D and 2,4,5-T n-butyl esters. Orange material was applied to

-• - three soils at rates simulating spills, under both laboratory and field

conditions. . j

j Laboratory incubation of soils treated with 1, 1000, 5000, or 10,000
14ppmw of Orange material containing ring- or side chain-labeled C-2,4-D

14 'lor C-2,4,5-T n-butyl esters indicated that 2.,4-D.was more susceptible

; to degradation than 2,4,5-T, that beyond 5000 ppmw less than 3% of either
! !

,, ;2,4-D or 2,4,5-T was degraded, that a soil from,Washington had a greater

capacity for degrading 2,4-D and 2,4,5-T than a soil from Mississippi,
14 '•> iand that more than 88% of the nondegraded C material could be accounted for

i • by subsequent combustion of the soil. Decreases in soil pH at the higher
• " '

: Orange application rates could have partially accounted for the inability

.;! of soils to degrade the herbicides at higher rates.
t

: '\ Analysis of surface soil from field mini-lysimeters treated with ;
; |

'.:.) 11120 or 5600 kg/ha Orange material indicated that dissipation was more
! j

:rapid in either'Washington or Wyoming soils treated at the 1120 kg/ha
i

irate than at the 5600 kg/ha rate. Dissipation of the herbicides at the

- '1120 kg/ha rate in the Mississipi soil was limited, if at all. Thirty months

following application, significant grass revegetation appeared on both the

- 7 Washington and Wyoming soils treated at the 1120 kg/ha rate, whereas no



revegetation had occurred for-lysimeters treated at the 5600 kg/ha rate.

In a subsequent experiment, no revegetation had appeared after 28 months
it '-T '

in mini-lysimeters with a Mississippi soil treated with either 1120 or

5600 kg/ha Orange material. , - j
i

Analysis of leachate collected 30 cm below each lysimeter surface

.indicated that 2,4-D and 2,4,5-T were present in leachate from all three
;

:soils at concentrations ranging from 0.002 to 53.5 ppmw. Preliminary •
i 5

; characterization of the soil mobility of various forms of 2,4-D and ;: i
; 2,4,5-T by soil thin layer chromatography indicated that the acid or

I

i.' | anion forms of. 2,4-D and 2,4,5-T were more mobile than the corresponding

n-butyl esters, and that herbicide mobility was retarded significantly
1 in the acidic Mississippi soil. After 20 to 28 months 2,4-D and 2,4,5-T

'• \

; , residues present in the lysimeter soil profile in_the 2800 kg/ha plots

;.-. ;were significantly greater than those present in plots treated at the \
i I

...; 560 kg/ha rate. The amount of herbicide leached during two overwinter- ;

ing periods was estimated to average less than 10 percent of the amounti . . . . . . . - • ,

L> ;applied at the 2800 kg/ha rate, and approximately 20 percent at the ]

; ;560 kg/ha rate.

23



'INTRODUCTION .. j
' i

; This report summarizes experimental data collected during ,ar study of
j

the fate of massive quantities of Herbicide Orange, a 50:50 mixture of
I

2,4-D and 2,4,5-T n-butyl esters, in soils. Despite considerable docu-

mentation of 2,4-D and 2,4,5-T retention and degradation in soils at low

.concentrations (<50 ppmw or 50 ug/g soil), research on the behavior of
I

;these compounds at high concentrations (>1000 ppmw) is lacking. j

Presence of such massive quantities in soils could arise from spillage,

from leakage of emptied pesticide containers, during disposal of unused
i

! but banned herbicide supplies, or from industrial wastes. Each such
i
!

loading must be dealt with in an environmentally safe manner. j
: ' i

'•'• ; In 1972, the Air Force Logistics Command initiated research on the
j

feasibility of massi.ve soil incorporation/biodegradation of Herbicide

Orange ordnance surpluses at field locations in Florida, Utah, and Kansas

'"'"(5). Significant soil dissipation of the herbicides occurred at all loca-
': ' \

tions, during test periods ranging from-659 to 1293 days. j
' - !; f In a report by the National Academy of Sciences on the effects of

herbicides used in Vietnam, Blackman et al_. (1) reported that a "cali-

bration grid" in Thailand which had been used for calibrating aircraft
; i
spray equipment had received the following cumulative amounts of i

i
"•'••• herbicides over a two year period: 940 kg/ha 2,4-D, 1075 kg/ha 2,4,5-T,

64 kg/ha cacodylic acid, and 22 kg/ha picloram. After 10 years, soils

•of the grid retained herbicide residues in concentrations capable of

severely damaging many plant species.

The purpose of this research was threefold: 1) to evaluate the

capability of selected soils to degrade 2,4-D and 2,4,5-T at both low

'-'. and massive herbicide concentrations; 2) to assess the pattern of soil



2

dissipation of 2,4-D and 2,4,5-T applied at massive rates to field mini-

lysimeters; and 3) to monitor the mobility of 2,4-D and 2,4,5-T,rin the

mini-lysimeters, as well as to characterize the mobility of these compounds

by soil thin-layer chromatography.



SOIL DEGRADATION OF MASSIVE 2,4-D AND 2,4,5-T

CONCENTRATIONS UNDER LABORATORY CONDITIONS
„ '-r'

Materials and Methods

A laboratory experiment was designed to determine the effects'of

chemical dosage and mechanism of decomposition upon the degradation of

2,4-D and 2,4,5-T n-butyl esters in soils. Characteristics of the soils

used are given in Table 1. For the remainder of this report, the term

, ̂ "Orange material" will refer to a liquid herbicide formulation consist-

ing primarily of a 50:50 (w/w) mixture of 2,4-D and 2,4,5-T n-butyl

b esters, as supplied by the United States Air Force Academy for research

, purposes. In addition, all C-2,4-0 or C-2,4,5-T labeled herbicides

j were esterified to their corresponding n-butyl esters prior to experi-

mental use, so as to^ provide molecular uniformity-between radioactive

label and Orange material.

A flask containing 200 g of soil from either Washington or Mississippi

received stock solutions of ca. 0.5 uCi ring- or side-chain-labeled

C-2,4-D or C-2,4,5-T n-butyl ester mixed with Orange material to

yield final herbicide concentrations of 1, 1000, 5000, and 10,000 ppmw

for either 2,4-D or 2,4,5-T n-butyl ester. The soils were moistened to

their respective 1/3 bar moisture contents, and the flasks were im-

mediately connected to an incubation apparatus used to monitor the break-

1 down of 2,4-D or 2,4,5-T in soil (Figure 1). The CO,, evolved from the

soil during herbicide degradation was removed from the air stream by

trapping it in a sodium hydroxide solution, which was periodically '••

sampled and renewed throughout the experiment. Following each sampling,

4 ml of the sodium hydroxide solution was mixed with 10 ml of PCS

Solubilizer (Amersham/Searle Corporation) in a,liquid scintillation vial



- 4
and the mixture was counted for radioactivity in a liquid scintillation

14,spectrometer. Total CCL evolved from the soil was computed after

correction for counting efficiency using the external standard ratio

method. At the end of the total incubation period, a sample of soil

from each incubation flask was combusted for measurement of total re-
i

maining C. At the same time, soil pH was measured using a 1:2 \

isoiliwater mixture.



Table 1. Physical and Chemical Properties of Soils Used in Studies With Orange
Material. . - .. --T

Soil Origin

Washington

Wyoming

Mississippi

Soil
Type

silt loam

clay loam

sandy loam

Sand1
50-20u

17.0

37.5

75.5

Silt1
20-2y

60.1

36.1

19.5

Clay1
<2y

£
l

22.9

26.4

8.0

2
Organic
Matter

V

5.0

3.8

2.2

Moisture
at 1/3 bar

36

29

15

PH3

5.5

7.6

4.7

Hydrometer method.

2
Smith-Weldon modification of Walkley-Black wet oxidation method.

3 • • • 'Measured in 1:2 (w/v) soil:distilled water.



LABORATORY INCUSATION APPARATUS

Soda
Lime

Soil Sample H2S04

Vacuum

0.5 N
NaOH

Figure 1. Experimental Apparatus for Monitoring the Breakdown of C-2,4-D or C-2,4,5-T
n-butyl Ester in Soils.

CTl
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i Results and Discussion •• ;

Over the length of the laboratory incubation period, 2,4-Q Tn~butyl

ester (Tables 2 and 3) proved to be more susceptible to degradation than
r !2,4,5-T n-butyl ester (Tables 4 and 5). Up to 1000 ppmw of 2,4-D was

readily degraded in the Washington soil, whereas only at the 1 ppmw level

was 2,4-D significantly degraded in the Mississippi soil. Similarly,

2,4,5-T was degraded more extensively and at higher concentrations in the

Washington soil than in the Mississippi soil. Thus, the degradation rate

depended not only on the nature of the herbicide compound but also on the

rate of application and on the type of soil. The differential capacity

of a soil to degrade herbicide compounds may be partially attributed to

I the level of acidity in the soil in the presence of the herbicide. The
! I

low pH of the Mississippi soil (Table 6), for example, may have con-
•;

i tributed to the inability of soil microorganisms to degrade herbicides

Tin this soil.i i
; No consistent trends were observed-for all treatments with respect

'to side chain degradation versus ring degradation for either the 2,4-D
| i

I or the 2,4,5-T n-butyl esters. The side chain labeled material con-
i ':

| ;

; sistently degraded more readily at the lowest rate of 2,4-D or 2,4,5-T
I

I addition, however. The soil from Washington had a greater capacity than

the soil from Mississippi for degrading 2,4-D or 2,4,5-T either in ring

or side chain position at concentrations up to 1000 ppmw (Tables 2, 3,

4, and 5). From 85 to 102% of the original C material was recovered
; by C02 evolution plus combustion (Tables 7, 8, 9 and 10), with

14
recovery averaging 94%. Some of the C remaining in the soil was un-

doubtedly no longer associated with the parent 2,4-D or 2,4,5-T compound,
1 however.
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Table 2. Evolution of 003 From a Washington Soil Receiving C-2,4-D n-butyl Ester Along with Orange Material

Days After
Herbicide
Application

5

8

12

15

19

22

26

29

36

43

50

57

64

71

78

85

99

120

141

176

197

2,4-D, chain labeled

1 ppmw

18.2

60.5

64.6

65.6

67.5

-

68.9

70.0

70.8

71.5

72.1

72.6

73.1

73.5

74.0

74.8

75.9

76.7

77.5

78.2

1000

0.34

1.06

-

5.57

25.1

40.6

53.7

60.4

68.3

72.6

74.9

76.2

76.9

77.4

77.8

77.9

78.2

78.5

78.8

79.0

79.6

ppmw 5000 ppmw

14

0.04

0.18

-

0.75

1.25

-

1.53

1.71

1.87

2.01

2.10

2.20

2.29

2.33

2.35

2.46

2.53

2.61

2.70

2.80

10,000

Evolved

' 0.04

0.08

_

; 0.14
r

0.21

-

0.33

0.47

0.58

0.67

0.75

0,81

0.86

, 0.92

0.94

1.03

1.17

1.29

1.32

1.41

ppmw 1 ppmw

as a Percentage of

38.2

52.0

55.0

56.2

58.2

-

59.7

61.0

61.9

62.8

63.5

64.1

! 64.7

65.2

65.8

66.9

68.1

69.0

70.0

71.1

2,4-D ring labeled

1000

Total

0.0

0.7

-

30.8

53.3

60.5

67.4

71.0

74.5

76.5

77.6

78.2

78.6

79.0

79.2

79.4

79.7

80.1

80.4

80.7

81.1

ppmw 5000 ppmw

14
'^r finnliorl

0.01

0.04

-

0.09

0.12

-

0.14

0.15

0.17

0.20

0.21

0.21

0.22

0.22

0.22

0.23

0.23

0.25

0.26

0.27

10,000 ppmw

0.01

0.01

-

0.01

0.01

-

0.03

0.05

0.06

0.07

0.07

0.07

6.13

0.14

0.14

0.29

0.30

fl.31 .

0.32

0.33

00



Table 3. Evolution of C02 From a Mississippi Soil Receiving C-2,4-D n-butyl Ester Along With Orange Material

Days After
Herbicide
Application 1 ppmw

5 0.1
8 0.3
15 1.9
22 3.8
29 5.7
36 7.6
43 9.4
50 11.3
57 13.0
64 14.7

71 16.3

78 17.8

85 19.3

99 22.2

120 26.2

141 29.8

176 35.4

197 38.7

2,4-D,

1000 ppmw

0.01
0.04
0.13
0.23
0.29
0.31
0.33
0.34
0.35
0.38

0.38

0.40

0.41

0.46

0.47

0.50

0.50

0.60

chain labeled

5000 ppmw

-Cumulative

0.00
0.00

' 0.00 '
0.00
0.00
0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.12 ,

0.12

0.14

0.15

0.15

10,000 ppmw

C Evolved as a

0.00
0.00
0.00 .
0.00
o.oo -
0.00
0.00

0.00

0.00 '

0.00

0.00

, 0.00 l

o.oo :-
0.00

0.00

0.00

0.00

0.00

1 ppmw

Percentage

0.01
0.01
0.01
0.03
0.10
0.19
0.32

0.50

0.70

. 0.95

1.17

1.54

1.89
2.55

3.93

5.39

8.09

10.00

2,4-D, ring labeled

1000 ppmw

of Total 14C

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00

0.00

0.02

0.02

0.03

0.07

0.07

0.07

0.07

0.08

5000 ppmw

flr\r\l T oH _

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

10,000 ppmw

0.00

0.00

0.00
0.00

0.00

0.00-

. 0.00

0.00

0.00

0.00

• 0.00

0.00

0.00

0.06

0.06

0.07

0.07

'* 0.08



Table 4. Evolution of 14C09 From a Washington Soil Receiving 14C-2,4,5-T n-butyl Ester Along With Orange Material

Days After
Herbicide
Application

5

8
15
22
29
36
43
50

57

64

71

78

85

99

120

141

176

197

1 ppmw

0.5

6.7
17.5
22.9

27.5

31.7

35.1
38.2

40.9

43.1

45.1

46.8

48.4

51.3

55.2

58.5

63.1

65.2

2,

1000

0.0

0.1
0.2

0.6

2.6

3.7

4.6
5.2

5.7

6.0

6.2

6.4

6.5

6.7

6.8

6.8

6.9

7.0

4,5-T, chain labeled

ppmw 5000 ppmw

74

0.01
' 0.03 ;

0.07
0.09
0.10
0.10
0.11
0.12

0.13

0.19

0.21

0.21

0.22

0.36

0.36

0.36

0.38

0.40

10,000 ppmw

Evolved as a

0.02
0.04 .
0.04
0.05
0.06
0.07
0.08
0.08 . '

0.08

0.10

p. 10
0.11 j

0.12

0.18

0.18

0.19

0.20

0.20

1 ppmw

Percentage of

0.0
0.3
1.6
2.5
3.1
3.9

4.5

5.2

. 5.8

6.5

7.1

7.7

8.4

9.8

11.7

13.5

15.2

17.6

2,

1000

Total

0.0

0.0

0.1

0.3

3.4

4.9

5.8
6.3

6.6

6.7

6.8

6.9

6.9

7.0

7.1

7.2

7.3

7.4

4,5-T, ring labeled

ppmw 5000 ppmw

14
r AnnlioH

0.01

0.02
0.03
-

0.03

0.03

0.03

0.03
0.03

0.03
0.03

0.03

0.03

0.03

0.03

0.04

0.05 •*

0.05

10,000 ppmw

0.00

0.02

0.02

0.03

0.03

0.04

0.05

0.06

0.06
0.06

0.06

0.06

0.06

0.06

0.06

0.06

O.Q6

0.06



14 14Table 5. Evolution of CCL From a Mississippi Soil Receiving C-2,4,5-T n-butyl Ester Along with Orange Material

Days After
Herbicide
Application

5
8
15
22
29

36

43

50

57

64

71

78

85

88

120

141

176

197

1 ppmw

0.0
0.1
0.4
0.8
1.4

2.0

2.6

3.1

3.7

4.1

4.7
5.2

5.7

6.7

8.3

9.9

13.4

15.4

2,4,5-T,

1000 ppmw

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

b.oo
0.00

0.00

0.00

0.00

0.00

0.00

chain labeled

5000 ppmw 10

14-Cumulattve C

0.00
0.00
o.oo ;
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00 -

0.00

0.00

0.00

0.00

,000 ppmw

Evolved as

0.00
0.00

0.00*
0.00

0.00

0.00

0.00

0.00,

0.00

0.00

0.00

0.00 '

0.00 •

0.00

0.00

0.00

0.00

0.00

1 ppmw

a Percentage

0;00

0.00

0.00
0.01

0.02

0.03

0.04
0.05

0.05

0.06

0.06

0.10

0.11

0.11

0.12

0.18

0.25

0.39

2,4,5-T

1000 ppmw

of Total 14

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

ring labeled

5000 ppmw 10

C Ar\nl -IQ/-I-.— __

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00 ,

0.00

0.00

0.00

0.00

0.00 ..'

0.00

,000 ppmw

0.00

0.00

0.00
0.00

0.00

0.00
0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

O.tJO
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*
Table 6. Effect of Orange Material on Soil pH After 6 Months of Incubation.

Orange Material**
Soil Origin Added to Soil Soil pH

Washington

Mississippi

.

— ppmw —

0
2

2,000
10,000
20,000

0
2

2,000

10,000

20-,000

•

5.5
5.5
5.6

5.3

4.8

4.7
4.7
4.2
3.8

- -.3.7

Data averaged over four replications, except for single untreated control
**
2,4-D + 2,4,5-T n-butyl esters.
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Table 7. Recovery of C From a Washington Soil Treated With 14C-2,4-D
n-butyl Ester After 6 Months of Incubation

2,4-D
Added
to Soil

..rtnmur..— pfJIHW™

1
1000

5000

10,000

1
1000

5000

10,000

Evolved

As 14CO£

71.1

80.1

0.3

0.3

4

78.2

79.6
2.8

1.4

Remaining

In Soil

o/ '4p aHHprl

Ring-Labeled

29.9
16.9

94.1
87.2

. Side Chain-Labeled

16.4

15.1

94.0
95.1

Total

Recovered

101.0
97.0

94.4
87.5

94.6

94.7
^ 96.8

96.5
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Table 8. Recovery of 14C From a Mississippi Soil Treated With C-2,4-D
n-butyl Ester After 6 Months of Incubation.

2,4-D
Added
to Soil

1
1000
5000

10,000

1
1000
5000

10,000

Evolved

As 14C02

10.0
<0.05
0.05
0.06

38.7

0.5

"o'.Y
<0.05

Remaining

In Soil

14

Ring-Labeled

78.5
92.2
94.8
92.6

Side Chain-Labeled

54.7
95.2
97>
101.7

Total

Recovered

88.5
92.2
94.8
92.6

93.4
95.7

* 97.8
101.7
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Table 9. Recovery of C From a Washington Soil Treated With 14C-2,4,5-T
n-butyl Ester After 6 Months of Incubation.

2,4,5-T
Added
To Soil

Evolved
1 A

As 14C02

Remaining

In Soil

°L 'V aHHoH

Total
•

Recovered

Ring-Labeled

1
1000
5000

10,000

17.6
7.4
<0.05
<0.05

74.0
85.9
85.2
86.9

91.6
93.3
85.2
86.9

Side Chain-Labeled -

1
1000
5000

10,000

65.2
7.0
.0,4-
0.2

33.3
89.3
94.3
98.4

98.5
96.3
94.7
98.6
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Table 10. Recovery of 4C From a Mississippi Soil Treated With 14C-2,4,5-T
n-butyl Ester After 6 Months of Incubation.

2,4, 5-T
Added
To Soil

-nnmu/-

Evolved
1 A

As '\02

Remaining

In Soil

"L 'V aHHe>H-_.

Total

Recovered

Ring-Labeled

1
1000
5000

10,000

0.4
<0.05
<0.05
<0.'05

87.3
89.2
95.3
88.0 " ""

87.7
89.2
95.3
88.0

Side Chain-Labeled

1
1000
5000

10,000

15.4
<0.05
<0.05
<0.05

78.8
95.0

100.3

93.2

92.2
95.0

100.3

93.2
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: DISSIPATION'OF MASSIVE 2,4-D AND 2,4,5-T .. i
i ' i
; APPLICATIONS TO FIELD MINI-LYSIMETERS i
; . -.r- |

i Materials and Methods i: t
: Field mini-lysimeters (Figure 2) filled with soils from Washington,

Wyoming, and Mississippi were set in place at the Witlow Conservation

;Farm near Pullman, Washington in 1976 and 1977, to study Hebicide Orange
;persistence under field conditions. Orange material was sprinkler-applied
l

1 ; to each lysimeter surface at a rate of 1120 or 5600 kg/ha (equivalent to

approximately 1500 or 7500 ppmw of Orange material incorporated in the
i

'-' '0-5 cm depth of soil), using acetone as the solvent carrier. Two days

following application, two soil core samples were taken from the 0-5 and

5-10 cm depths of each lysimeter. The replicate samples were combined

; and stored immediately at' -18 C until analysis. -Similar core samples

'were collected 4, 8, 16, and 28 months following application for the 1976

experiment, and 4, 8, 12, and 20 months for the-1977 experiment. For the

1976 experiment, 14 Tysimeters filled with Washington-or Wyoming soils

were installed, including 12 treated plots and two controls. For the

• - 1977 experiment, 14 lysimeters containing either Washington or Mississippi

soils were installed in an arrangement similar to that used for the 1976

plots. Herbicide treatments were allocated to the 12 treated plots in

• each case in a completely randomized design, with each soil-rate treat-

ment replicated three times. I

• J Soil samples were analyzed for residual herbicide after each sampl-
:' j ing period using the slightly-modified procedure of Renberg (4) for ex-

' traction, and the procedure of Schlenk and Gellerman (2) for esterifica-

; tion of extracted compounds. Results were compared with n-butyl ester

' • ; standards synthesized from technical grade 2,4-D or 2,4,5-T, The pH



of each soil sample was also-measured using 1:2 soil:water mixtures.
f ' '

Visual observations of the degree of revegetation 30 months after Orange
'•• • „ '-T'

material applications were made.

18

i



INDIVIDUAL MINI-LYSIMETER UNIT

wafer collection bottle

ceramic cup
Si4î M-

27cm
(10.5") —

nylon or plastic tubing
meta! lysirneter can

charcoal layer beneath lysirneter

Figure 2. - Individual Mini-Lysimetec Unit for Monitoring the pissipation and Mobility of
2,4-D and 2,4,5-T n-butyl Esters in the Field.
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; Results and Discussion ;
i • ' '

: i Signif icant dissipation of 2 ,4-D and 2,4,5-T at the 1120 kg/ha ap-
a * • ?' '

, plication rate occurred for both the 0-5 and 5-10 cm depths of the Wash-

; ington and Wyoming soils over the 28 month (Tables 11, 12, 13, 14)- and

, 16 month sampling period (Tables!? and 18). Herbicide residues were

; usually reduced to less than 2% of the initial soil concentration after

:' a 28 month period. Limited degradation of the herbicides at the 1120

kg/ha rate occurred in the Mississippi soil over the same 20 month period

, : (Tables 15 and 16). At the higher Orange material application rate
j

. . (5600 kg/ha), however, dissipation was more slowly, if at all. For ex-

ample, 2,4-D was found after 28 months in concentrations averaging 50%

of the initial soil concentration at the 2800 kg/ha application rate,

: ', and 2,4,5-T at the same rate did not appear to dis.sipate more than 1% in
* _

;
 : the 0-5 cm soil depth during the same period. Occasional 2,4,5-T con-

i
• tamination of the 5-10 cm soil depth (or considerably greater sampling

, ; variations for this depth-herbicide combination) rendered 2,4,5-T data
i

: 7 : for the 5-10 cm depth inconclusive. j

: ; The Washington and Wyoming soils appeared to have similar dissipa-

i tion capacities for 2,4-D and 2,4,5-T. Dissipation in the Mississippi

j soil was considerably less, however (Tables 15 and 16). Depression in

; j pH for the 0-5 cm soil depth for each of the three soils (Tables 19, 20,

; i 21, and 22) were comparable to those observed in the laboratory (Table 6)._,.._ |

:,-., ; Thirty months following Orange material application in 1976, grass

» , j revegetation had occurred for the mini-lysimeters filled with Washington

or Wyoming soils if treated only at the 1120 kg/ha rate. This implies

.. that herbicide concentrations had decreased to less than phytotoxic

levels in the interim. No revegetation has yet appeared after 3 years
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in lysimeters treated at the.5600 kg/ha rate, however. In addition, no

revegetation has yet appeared (28 months following application) in the
'•?••

mini-lysimeters filled with Mississippi soil treated in 1977 at either

herbicide application rate. • !
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Table 11. Dissipation of 2,4-D in Field Mini-Lysimeters Filled With a Washington Soil
Orange Material Applied in December 1976.

Rate of
2,4-D Application Soil
as Orange Material Depth Replication

560 0-5 . 1
2
3
Mean

5-10 1
2
3
Mean

2800 0-5 ' 1
2
3
Mean

5-10 1
2
3
Mean

Months After Application
0

4534
2406
1277
2739

5
6

532
181

5801
5902

-
5851

65

524_

294

4

ppm

3101
3412
. 3256

68
545
80
231

5660
6622

5993

6091

536
-_

536

8

2,4-D-

535
598
566

40

7

55

34

5630
6617

6377

6̂208

45

63

453

187

16

6

20

7
11

4
1

-
3

1564

4943

1952

2819

68

58

10

45

28

6

6

3
5

0.1

0.7

0.5
0.4

1925

621

620

1055

72

66

5

48
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Table 12. Dissipation of 2,4,5-T in Field Mini-Lysimeters Filled With.a Washington
Soil. Orange Material Applied in December 1976. '''•

Rate of
2,4,5-T Application Soil
as Orange Material Depth Replication

560 0-5 1
2
3
Mean

5-10 1
2
3
Mean

2800 0-5 1
. . . 2

3
Mean

5-10 1
2
3
Mean

Months After Application
0

2325
2161
5470
3318

5
6

539
- 183

5905
6071_

5988

_

65

557
311

4

ppm

2961

3420

3190

61

540

60

"220"

5694

9271

6160

7041

_

60
'" _

60

8

2,4,5-T-

535

598

566

24

80
57
53

5630
10694

6244

7522

62
308

563
311

16

138

255

241

211

63
47

63

58

5972

6613

5340
5975

560

562

351

491

28

62
15
62

45

10
3

7
7

5996

5828

5727

5850

653
5861

62
2193
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Table 13. Dissipation of 2,4-D in Field Mini-Lysimeters Filled With a Wyoming Soil
Orange Material Applied in December 1976.

Rate of
2 /L-. H Ann! "i ration ^nn 1

as Orange Material Depth Replication

560 0-5 1
2
3
Mean

5-10 1
2
3

. Mean

2800 0-5 1
2

' ' 3
Mean

5-10 ' 1
2
3
Mean

0

1962
-

3243
2602

13
58
64
45

4787
5568

5438
5264

287
287
-
287

Months
4

656
1118
642
805

69

78

78

. 75_..

57,98
-

5891

5844

550
607
637

598

After A
8

616
-

530

573

_

127_

127

4540
5315
'5558
5137

_

1190

5228

3209

pplication
16 '

45
-

21
33

0.6

0.2

0.6

0.5

2601
2913
3087

2867

54
164
63
94

28

0.8
1.8
5.2
2.6

0.2
0.1
0.7
0.3

1784
2133
693

1536

1079
70
25

391
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Table 14. Dissipation of 2,4,5-T in Field Mini-Lysimeters Filled with a Wyoming
Soil. Orange Material Applied in December 1976.

Rate of
2,4-5-T Application Soil
as Orange Material Depth Replication

560 0-5 1
2
3
Mean

5-10 1
2
3
Mean

2800 0-5 • 1
2
3
Mean

5-10 1 ;
2
3
Mean

Months" After Application
0

4186
1080
5254
3506

7

57

63

42

-5385

5535

5632

5517

272
272
-

272

4

4730

5525

4021
4758

58

59

69

62

5930""
-

6086
'6008

590

647

1528

921

8

•ppm 2,4

919
-

1283
1101

_

-_

-

5286

5637
5493
5472

284

3306

5454
3014

16

c T,0- 1

392
-

600

493

6

1

6

4

4736
4098
5448
4727

154

7
58
73

28

3
6
19
9

0.9
0.7
6
3

§693
5727
5626
5682

4300
500
147
1649
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Table 15* Dissipation of 2,4-D in Field Mini-Lysimeters Filled With a Mississippi
Soil. Orange Material Applied in August 1977.

Rate of
2,4-D Application Soil
as Orange Material Depth Replication

560 0-5 1
2
3
Mean

5-10 1
2
3
Mean

2800 0-5 • 1
2
3
Mean

5-10 1
2

" 3 '
Mean

,/ *-r '
Months After Application

0

1934
684
-

1309

491
163
111
255

- 6286

5988_

6137

69
66
212

116

4

' 700

684
892

759

68
68
67
68

6249"
6025
5988

6087

59

52

67

59

8

•ppm 2,4-D-

624
617_

620

7

11

7
8

6026
6025
5802
5951

•*. .

49
59
71
60

12

_

624
617
620

0.7
2
1
1

4825
4825_

4825

49
74
23
49

20

640
684
736
686

4
4
0.8
3

4798
4632

•»

4715

62
97
691

283
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Table 16. Dissipation of 2,4,5-T in Field-Lysimeters Filled With a Mississippi Soil
Orange Material Applied in August 1977.

Rate of
2,4,5-T Application Soil
as Orange Material Depth Replication

560 0-5 • 1
2
3
Mean

5-10 1
2
3
Mean

2800 0-5 1
2
3
Mean

5-10 1
2
3
Mean

0

2380
670_

1525

580

238

149
322

6250
6137
-

6193

67

57
67
64

Months

4

1785
1562
730
1359

73
69

41

61

6434
6211
6211
6285

29

28

56

38

After Application

8

•ppm 2,4

1190
721_

955

7

12
8

9

6174
6211
6137
,6174

20
51

73

48

12

C T,3- |

654

1041

1339

1011

16

36_

26

5505
5951_

5728

72

90

41

68

20

640

602_

621

61

36

8

35

6025

4761_

5393

73

149

967

396
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Table 17. Dissipation of 2,4-D in Field Mini-Lysimeters Filled With a Washington Soil
Orange Material Applied in'August 1977.

Rate of
2,4-D Application Soil
as Orange Material Depth Replication

560 0-5 1
2
3
Mean

5-10 1
2
3

, Mean
t

2800 0-5 1
2

' " 3
Mean

5-10 1
2
3
Mean

0

2414
871
2146
1810

362
523
295

393
•*

8719
6371
5768

6952

637

5366
2012

2671

Months
4

576
623
-

600

9

7

31

16

5566
6237
6036

5946

657
540
59

'418

After Application
8

35
39
51
42

6
0.6
1.9
2.8

5466
5432
V5432

5433

55

66
67
63

12 •

13
13
8

11

0.7
0.5
0.6

0.6

5868
2951

5500

4773

_

55

44
50

20

7
6
6
6

0.5
0.6
0.6
0.6

3018
4158

5432

4202

41

64 .

59

55
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Table 18. Dissipation of 2,4,5-T in Field Mini-Lysimeters Filled With a .Washington
Soil. Orange Material Applied in August 1977.

Rate of
2,4,5-T Application Soil
as Orange Material Depth Replication

560 0-5 1
2
3
Mean

5-10 1
2
3

• * Mean

2800 0-5 1
. - 2

3
Mean

5-10 1
2
3
Mean

Months After Appl
•0

1006
1006
939

984

281
509
134

- 308

6572

6036

5667
6092

637

4963

1475

2358

4

ppm

657

871
-

764

68
61
61
63'

5768

6371

6103

6080

335

470

"120

308

8

2,4, 5-T-

221

331

457

336

60

59

51

57

5533

-5633

5734

5633

188

87

59

111

i cation
12

162

71
265

166

9

0.9

12
7

6304

5500

5768

5857

•

268

66

167

20

62
51
47
53

18
54
6
26

5633

5969
6237
5946

141
268
177
195
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Table 19. pH of a Washington Soil From Field Mini-Lysimeters Receiving Orange Material
in December 1976. Data Averaged Over Three Replications, Except..for a
Single Untreated Control.

Depth

0-5

5-10

0-5

5-10

10-15

15-20

20-25

25^30

0 4 8

Control

5.8 5.8

5.9 5.8

1120 kg/ha Orange

5.1 5.0 5.0

5.5 5.7 5.3

Months After AI

16 28

j.
pn

6.3 5.6

6.0 5.7

Material

5.6 5.7

5.9 5.7

5.6

5.5

5.7

6.2

Dpi i cation

0 4 8 16

Control

5.8 5.8 6.3

5.9 5.8 6.0

5600 kg/ha Orange Material

4.7 4.6 4.4 4.4

5.6 5.6 5.4 5.5

28

5.6

5.7

4.6

5.4

5.5

5.7

5.7

5.9
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Table 20. pH of a Wyoming Soil From Field Mini-Lysimeters Receiving Orange Material
in December 1976. Data Averaged Over Three Replications, Except for a
Single Untreated Control.

<;nilOU 1 1

Depth

"Ulll"

0-5

5-10

0-5

5-10

10-15

15-20

20-25

25-30

Months After /
0 4 8 16 28

_ _ n H
Hn

Control

7.9 7.7 8.0 7.6

7.8 8.2 7.8 7.7

1120 kg/ha Orange Material

7.3 7.3 7.4 7.7 7.9

7.6 7.6 7.4 7.8 7.8

7.7

7.5

7.6

7.5

\pplicat ion
0 4 8 16 28 .

Control

7.9 7.7 8.0 7.6

7.8 8.2 7.8 7.7

5600 kg/ha Orange Material

6.9 6.9 7.0 7.3 7.5
*

7.2 7.3 7.3 7.6 7.7

7.6

7.7

7.6

7.5
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Table 21. pH of a Mississippi Soil From Field Mini-Lysimeters Receiving Orange Material
in August 1977. Data Averaged Over Three Replications, Except for a Single
Untreated Control. - „ -.r-

Depth

0-5

5-10

0-5

5-10

10-15

15-20

20-25

25-30

Months After Af
0 4 8 12 20

nupn

Control

4.9 5.2 5.2 4.7 4.7

4.5 4.8 5.0 4.8 4.8

1120 kg/ha Orange Material

4.2 4.1 4.2 3.9 4.3

4.4 4.4 4.4 4.3 4.3

4.6

4.7

4.9

4.8

)plication
0 4 8 12 20

Control

4.9 5.2 5.2 4.7 4.7

4.5 4.8 5.0 4.8 4.8

5600 kg/ha Orange Material

3.9 _. 3.8 3.7 3.6 3.6

4.1 4.3 4.1 4.0 3.9

5.0

4.7

4.6

4.8
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Table 22. pHfof a Washington Soil From Field Mini-Lysimeters Receiving Orange Material
in August 1977. Data Averaged Over Three Replications, Except..for a Single
Untreated Control.

c;m*lOU 1 1

Depth

— rrti—

0-5

5-10

0-5

5-10

10-15

15-20

20-25

25-30

Months After App
0 4 8 12 20

__ r>W\jn

-«
Control

5.6 5.9 6.0 5.8 6.0

5.7 5.9 6.0 5.8 6.1

1120 kg/ha Orange Material

5.2 5.2 5.4 5.0 5.9

5.5 5.8 5.9 5.5 5.7

6.0

6.0

6.1

6.2

ili cation

0 4 8 12 20

Control

5.6 5.9 6.0 5.8 6.0

5.7 5.9 6.0 5.8 6.1

5600 kg/ha Orange Material

5.0 4.9 4.8 4.7 4.4

5.4 5.9 6.1 5.9 5.4

5.7
i. ..

5.9

5.9

6.5
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j MOBILITY OF MASSIVE 2,4-D AND 2,4,5-T APPLICATIONS . -

I IN FIELD MINI-LYSIMETERS AND MOBILITY CHARACTERIZATION .
i • '•''.'

;: I BY SOIL THIN LAYER CHROMATOGRAPHY I
: i
; _ j

: .. . Materials and Methods |

: To determine the amounts of 2,4-D and 2,4,5-T which moved through
x ; the soils of the mini-lysimeters, water samples were collected from the

j 30-cm depth of each lysimeter in the 1978 and 1979. Soil and herbicide

! treatments of each mini-lysimeter were already described in the pre-

; ceeding section. ji
; i

' • Leachates from the mini-lysimeters were collected in glass jars,

i using a portable vacuum system comprised of a vacuum canister, an

electric pump, and a portable electric generator (Figure 3). The

leachate was then acidified, extracted with ether, esterified, and

analyzed for 2,4-D and 2,4,5-T as previously described. The pH of the

leachate prior to acidification was also measured. ;

To further characterize the mobility of the herbicides in each of

the soils, the soil thin layer chromatography technique of Helling (3)

was used. Mobilities of the acid forms of 2,4-D and 2,4,5-T were com-

pared with mobilities of the corresponding n-butyl esters. ;

After the last soil extract sampling period, two of the three

mini-lysimeters installed in 1976 and 1977 were excavated from the soil

pit and cut apart. Soil samples were taken through the total 30 cm

depth in 5 cm segments. Soil samples were analyzed for 2,4-D and

2,4,5-T as previously described in the Materials and Methods section

for DISSIPATION OF MASSIVE 2,4-D AND 2,4,5-T APPLICATIONS TO FIELD MINI-

LYSIMETERS. i



FIELD M1N1-LYSIMETER OPERATIONS

Vacuum Canister

Vacuum Pump

Portable
Eleetric

Generator

^—Water Collection Bottle

Mini-lysimeter

Figure 3. Portable Vacuum System for Collecting Leachate From Field Mini-Lysimeters,

CO
en
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Results and Discussion •• j

2,4-D and 2,4,5-T were detected in water samples col 1 ected..from the

30 cm depth of all treated mini-lysimeters. Herbicide concentrations

in the leachates ranged from 0.002 to 53.5 ppmw (Tables 23, 24, and 25).

Initially, there did not appear to be significant differences in

leachate herbicide concentrations between the 1120 and 5600 kg/ha :

treatments. After two over-winter periods, however, herbicide concentra-

tions decreased markedly in lysimeters treated at the 1120 kg/ha rate,

though concentrations in lysimeters treated at the 5600 kg/ha rate re-

mained high. Herbicide concentrations decreased more markedly during
i

the relatively wet 1977-78 winter than dur ing the relatively dry :
;

1978-79 winter (Table 24). Leachate pH (Table 26) in 1979 ranged from

5,2 to 7.4, but no .consistent pH trend with time or herbicide application

rate was apparent. j
I

Through use of soil thin layer chromatogra'phy, it was found that

the acid-or anion -forms of 2,4-D and 2,4,5-T were more mobile than the

n-butyl ester forms (Table 27). Mobility of the herbicides through the

highly acidic Mississippi soil was greatly retarded in comparison with

mobilities through the moderately acidic Washington soil or the neutral
i

Wyoming soil. !

Analysis of the mini-lysimeter soil profiles after the second

overwintering period (Tables 28, 29, 30, and 31) revealed that 2,4-D

and 2,4-5-T residues in the 2800 kg/ha lysimeters were significantly

greater than in lysimeters treated at the 560 kg/ha rate. These data

agree well with results from the leaching studies (Tables 23, 24, and

25) demonstrating higher amounts of 2,4-D and 2,4,5-T in leachate from

the 2800 kg/ha plots after two overwinter periods. In.contrast,.2,4-D



Table 23. Concentrations of 2,4-D and 2,4,5-T in Leachate From Field Mini-Lysimeters. Orange Material
Applied in December 1976.

Soil Origin

WASHINGTON

WYOMING

Months After
Application

15
27

15
27

Amount of 2,4-
560

--ppmw 2

0.31 +0,15

0.002 + 0:001

0.65 + 0.32

0.002 + 0.001

D Applied (kg/ha)
2800

,4-D in water —

0.69 +0.22
2.6- +1.5

0.56 + 0.30
0.04 + 0.05

Amount of 2,4
560

— ppmw 2

9.3 + 6.2 .

0.2 +0.2

12.9 +1.1

0.003 + 0.002

,5-T Applied (kg/ha)
2800

,4, 5-T in water--

2.9 + 0.8
26.0 + 2.1

10.0 + 3.3
1.5 + 1.5

co



Table 24. Concentration of 2,4-D and 2,4,5-T in Leachate From Field Mini-Lysimeters. Orange Material Applied
in August 1977.

Soil Origin

WASHINGTON

MISSISSIPPI

Months After
Application

7
19

7
19

Amount of 2,4-D Applied (kg/ha)
560 :

— ppmw 2,4-D

0.34 +0.23
0.06 +0.05

5.7 +6.3

0.1

2800

in water—

1.03 +0.44
0.23 +_0.03

14.5 +3.6
11.6 + 8.6

Amount of 2,4,5-T Applied (kg/ha)
560

—ppmw 2,4,5-T

4.9 + 5.7
9.6 + 14.2

5.3 + 1.7

0.1 + 0.1

2800

in water- -

3.2 +.0.1
20.7 +_6.3

4.2 + 1.0
3.5 + 1.0

cocx>



Table 25. Concentrations of 2,4-D and 2,4,5-T in Leachate From Field Mini-Lysimeters, 7 Months After Application.

Soil Origin
Date of
Application

Amount of 2,4-D Applied (kg/ha)
560 : 2800

Amount of 2,4,5-T Applied (kg/ha)
560 2800

WASHINGTON August 1977
August 1978

--ppmw 2,4-D in water--

0'.3 + 0.2!
53.5 +57 .4

1.0-+ 0.4
31.7 + 13.4

--ppmw 2,4,5-T in water--

4.9 + 5.7 3.2 + 0 . 1
17.9 + 10.8 25.4 + 1.6

MISSISSIPPI August 1977
August 1978

5.7 + 6.3
8.7 + 14.9

14.5+ 3.6
25.9 + 4.2

5.3 + 1.7

1.8 + 2.1

4.2 +_ 1.0
2.8 + 0.4

co
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Table 26. pH of Leachate Collected in March 1979 From Field Mini-lysimeters. x Data
Averaged Over Three Replications, Except for a Single Untreated Control.

Date of Lysimeter
Installation Soil Origin

December 1976 Washington
•

Wyoming

August 1977 Washington

»

Mississippi

August 1978 Washington

Mississippi

Orange Material
Application Rate

; l/n/ha

0

1120
5600

0
1120

5600

0
1120

5600

0
1120
5600

0

1120
5600

0
1120
5600

-,,PH of
Leachate

-

6.0

6.4
6.1

7.3
7.4
7.1

6.4
6.5
6.9

5.7
6.2
5.2

7.1
7.1
6.9

7.0
6.2
6.7
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Table 27. Characterization of Soil-Mobility for 2,4-D, 2,4,5-T and Their Cor-
responding n-butyl Esters by Soil Thin-Layer Chromatography.' Data
Averaged Over Three Replications.

Soil Origin

Herbicide

2,4-D

2,4,5-T

Washington

•

8.6

7.0

Wyoming

__ .... D _Kf

9.8

9.2

Mississippi

3.9

1.9

2,4-D 0.5 0.5. 0.6
n-butyl ester

2,4,5-T 0.5 0.4 0.6
n-butyl ester . '. . ' . " ""



Table 28. 2,4-D and 2,4,5-T distributions in field mini-lysimeters filled with a Washington soil, 28 months
after application. Orange material applied in December 1976.

Rate of 2,4-D
Application as Soil

Orange Material Depth

kg/ha cm

560 0-5

5-10

10-15

15-20

20-25

25-30

2800 0-5

5-10

10-15

15-20

20-25

25-30

Rep 1

6

0.1

1

0.6

1

0.6

1925

72

0.6

0.9

0.7

6

Rep 2 Rep 3

nnm ") A—PI _ _ _

6 3

0,7 ' 0.5

0.7 -J

0.5

0.6

0.6

621 620

66 . 5

6

0.9

7

1

Mean

*

5

; 0.4
0.9

0.6

0.8

0.6

1055

48 *

3

0.9

4

4

Rate of 2, 4, 5-T
Application as Soil

Orange Material Depth

kg/ha cm

560 0-5

5-10

10-15

15-20

20-25

25-30

2800 0-5

. 5-10

10-15

15-20

20-25

25-30

Rep 1

62

10

3

3

5

0.9

5996

653

250

61

38

65

Rep 2 Rep 3

15 62

3 7

13

24

12

o

5828 5727

5861 62

66

43

64

25 .*-

Mean

45

7

8

14

9

2

5850

2193

158

52

51

,45

I/Not measured

ro



Table 29. 2,4-D and 2,4,5-T distributions in field mini-lysimeters filled with a Wyoming soil, 28 months after
application. Orange material applied in December 1976.

Rate of 2,4-D
Application as Soil

Orange Material Depth

kg/ha cm

560 0-5

5-10

10-15

15-20

20-25

25-30

2800 0-5

5-10

10-15

15-20

20-25

25-30

Rep 1

0.8.

0.2

0.6

0.4

0.6

0.6

1784

1079
(

0.7

0.6

0.7

0.6

Rep 2

HP1"

2

0.1

0.7

0.6

0.6

0.7

2133

70

0.6

0.6

0.7

0.5

Rep 3 Mean

p 4._nC,H-U

5 3

0.7 . 0.3

--1 | 0.7

0.5

0.6

0.7

693 1536

25 391

0.7

— , 0.6

0.7

0.6

Rate of 2, 4, 5-T
Application as Soil

Orange Material Depth

kg/ha cm

560 0-5

5-10

10-15

15-20

20-25

25-30

i

2800 . 0-5

5-10
i

i 10-15

15-20

20-25

25-30

Rep 1

3

0.9

0.6

0.6

0.6

0.7

5693

4300

6

4

13

6

Rep 2 Rep 3

O A C ~T

6 19

0.7 6

6

0.7

1

4.0

5727 5626

500 147

6

4

2

5

.••*

Mean

9

3

3

0.7

. 0.8

, 2

5682

1649

6

4

8

6

.

-Not Measured

-P.
oo



Table 30. 2,4-D and 2,4,5-T distributions in field mini-lysimeters filled with a Washington soil, 20 months after
application. Orange material applied in August 1977.

Rate of 2,4-D
Application as Soil

Orange Material Depth

kg/ha cm

560 0-5

5-10

10-15

15-20

20-25

25-30

2800 0-5

5-10

10-15

15-20

20-25

25-30

Rep 1

7

0.5

0.7

0.2

0.6

0.7

3018

41

6

6

41

0.6

Rep 2

ppm

6

0.6

0.6

0.7

0.6

0.7

4158

, 64

3

2

16

—

Rate of 2S4,5-T
Application as

Rep 3 Mean Orange Material

9 d-D -------- -- tn/ha

6 6 5 6 0

0.6 • 0.6

-1 ? 0.7

0.5

0.6

0.7
I

5432 4202 2800

59 55

5 !

, 4

29

0.6

Soil
Depth

cm

0-5

5-10

10-15

15-20

20-25

25-30

0-5

5-10

10-15

15-20

20-25

25-30

Rep 1

62

18 -

7

7

6

7

5633

141

103

61

184

6

Rep 2 Rep 3

- nnm 9 A R— T — _

51 47

54 6

6

3

2

6

5969 6237

268 177

60. --

7

59

--

Mean

53

26

7

5

' 4

' 7

5946

195

82

34

121

6

— Not measured



Table 31. 2,4-D and 2,4,5-T distributions in field mini-lysimeters filled a Mississippi soil, 20 months after
application. Orange material applied in August 1977.

Rate of 2,4-D
Application as Soil
Orange Material Depth

kg/ha cm

560 0-5

5-10

10-15

15-20

20-25

25-30

2800 0-5

5-10

10-15

15-20

20-25

25-30

Rep 1

640

4

6

2

6

0.9

4798

62

7

8

0.8

0.7

Rep 2 Rep 3

-- nnm 9 d-H -— -

684 736

4 0.8

2 --1

2

4

0.7

4632

97 691'

68

67
7 __

7

Mean

686

3

! 4

2

5

0.8

4715

283

38"

r 38
4

4

Rate of 2, 4, 5-T
Application as Soil
Orange Material Depth

kg/ha cm

560 0-5

5-10

10-15

15-20

20-25

25-30

t

2800 . 0-5

5-10

10-15

15-20

20-25

25-30

Rep 1

640

61

212

31

11

20

6025

73

37

49

15

7

Rep 2

- ppm 2,*

602

36

68

30

49

36

4761

149

71

50

8

7

Rep 3 Mean

1 C_T

- 621

8 35

— 140

31

— -30

— ' 28

— 5393

967 396

54

50

12

7

— Not measured

en
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and 2,4,5-T concentrations decreased markedly for lysimeters filled

with Washington or Wyoming soils treated at the 560 kg/ha rate.,,., For ,.

example, 2,4-D concentrations for any 5 cm segment (except the 0-5 cm .

layer) in the lysimeters filled with Washington or Wyoming soils and

treated at the 560 kg/ha rate were usually reduced to si ppmw after 20-28

months. 2,4,5-T residues for the same 5 cm layers averaged 7 ppmw.

When herbicide applications were increased five-fold, however, 2,4-D

concentrations in the vertical 5 cm segments from lysimeters filled

with Washington or Wyoming soils averaged 15 ppmw for 2,4-D and 97 ppmw

for 2,4,5-T. "For the Mississippi soil, 2,4-D residues at the 560 kg/ha

rate averaged 3 ppmw for 2,4-D and 53 ppmw for 2,4,5-T. At the 2800

kg/ha rate for the Mississippi soil, residues averaged 32 ppmw for 2,4-D

and 47 ppmw for 2,4.,5-T.' . - -•

To estimate the net effects of leaching on the herbicide dissipa-

tion process under the climatic conditions studied, the cumulative con-

centration- of 2,4,5-T. found in the 5-10 to the 25-30-cm segments of the

excavated mini-lysimeters was divided by the 2,4,5-T concentration in

the 0-5 cm segments at time = 0 (i.e. two days following application).

The resulting fraction was then multiplied by 100 to express the amount

leached on a percentage basis (Table 32). Occasional irregularly high

herbicide values (eg. z 1000 ppmw) from the 5-10 cm depth were ex-

cluded from the computations. The percentage leached during two

overwintering periods averaged less than 10% at the 2800 kg/ha rate

and roughly twice as much at the 560 kg/ha rate.
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Table 32. Balance sheet approach for estimation of •.,•
2,4,5-T leaching in f ield mini-lysimeters

Soil Origin

Washington

Washington

Wyoming

Mississippi

Mississippi

Application
Rate

(kg/ha)

2800

2800

2800

2800

560

Time after
Application

(months)

20

28

28

20

20

W T

ppmw--

6029

5988

5517

6193

1525 -

2
5-30

—
438

663

347

234

265

Net 2,4,5-T
Leached

(*)

7.2

11.0

6.2

3.7

17.3

T_ = 2,4,5-T concentrations in 0-5 cm segmervt- at time = 0.

5-30 = Cumulat1've 2,4,5-T concentration from 5-10 to 25-30 cm
segments after lysimeters were excavated.
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WASHINGTON WATE UNIVERSITY
PULLMAN, WASHINGTON 99163

DEPARTMENT OF AGRONOMY AND SOILS

November 28, 1979

Alvin L. Young, Major, Ph.D.
Pesticide Consultant
School of Aerospace Medicine
USAF SAM/EK
Brooks AFB
Texas, 78235

Dear Major Young:

I trust you have finally received your copy of the research report! Enclosed
are the supplemental data and further revisions. However, before the manu-
script is taken to the printers, we should like one last chance to make any
final changes, so that Dr. Cheng may see how the supplemental data fits the
report. By the time you receive this letter, these materials will be on
route to Germany. Dr. Cheng and I would also like for you to include whatever
comments or suggestions you may have on any part of the manuscript.

Also enclosed is our unofficial proposal for detoxifying Herbicide Orange in
soil. I am eager to try out some of our ideas on enhancing herbicide degrada-
tion, especially because of the potential applications of this type of research
to situations where soils have received massive chemical spillages, as for ex-
ample, at Love Canal, New York. In view of a recent report where the EPA
states that over 9Q% of the 345 million tons of industrial wastes produced each
year are disposed of using environmentally unsafe procedures, you can see that
the Mississippi situation, unfortunately, is not unique.

Because of Dr. Cheng's and the Graduate School's scheduling, I am compelled,
ready or not, to take my doctoral orals during the week of January 13, 1980.
If either you or Major Cairney can attend, I cordially invite you to my thesis
defense. So that Dr. Cheng will be present at the orals, we are making air-
line reservations for his return from Germany to Pullman by Saturday January
12, with the provision that funding for the detoxification proposal is assured.
From his last letter, he appeared enthusiastic about returning to the States.

Should funding become available, could you please send me, as soon as possible,
some official documentation confirming that the grant money will be forthcoming?
I am requesting this because Dr. Cheng would like to travel on an economy plan,
and the airlines usually require that the tickets be purchased at least 30 days
in advance. If our finance people have this documentation, they could authorize
a transfer of funds from other budgets to pay for the trip in the meantime.

Until the thesis is completed, you will find me burning the midnight oil at my
office or lab (no phone available), and usually during the afternoons. Dr.
Cheng's home address is: Prof. H. H. Cheng, Kopernikusstrasse 64, D-5170 Jtllich,
Federal Republic of Germany. Thank you for your interest and cooperation.

Sincerely,

Joseph T. Majka
Research Assistant

Enc.
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Washington State University
Agricultural Research Center

Research Project Outline

I. TITLE: Enhancement of Herbicide Degradation in the Soil

II. JUSTIFICATION:

For the past three years, we at the Soil Biochemistry Laboratory, Washington
State University, have been involved in research to characterize the pattern
of degradation of herbicide applied in massive quantities to soils, and to
assess the limitations of soils in degrading herbicide. Both laboratory and
field lysimeter experiments were conducted to assess the degradation, dis-
sipation, and movement of an Herbicide Orange material, consisting of 50-50
mixture of 2,4-D and 2,4,5-T n-butyl esters, in soils from Washington, Wyoming,
and Mississippi. Results of these studies have been collated into a report
for the U.S. Air Force Academy (6) and will be elaborated in a doctoral dis-
sertation (5).

The above research did not attempt to answer two additional questions: 1) What
can be done to accelerate the degradation of massive quantities of herbicide
in soils? 2) Do toxic metabolites accumulate in the environment during the
degradation of massive quantities of herbicide? The first question is par-
ticularly pertinent to the Mississippi soil used in our studies, for the
capacity of this soil to degrade herbicides was found to be severely limited
in comparison to either the Wyoming or the Washington soils. Literature sug-
gests that chlorinated phenols could be among the major metabolites of
chlorophenoxyacetic herbicides (7). Most studies, however, have used herbicides
only at low concentrations. Our studies have already indicated that herbicide
degradation patterns can be drastically different at high concentrations from
those at low concentrations. Hence, previous findings on metabolite formation
may not be directly extrapolatable to concentrations several thousand fold
greater.

Our research results have also provided indications that soil properties or
conditions can be altered in order to enhance herbicide degradation. Since
most soils possess an inherent capacity to decompose large quantities of
organic materials, it may be possible under proper circumstances to dissipate
herbicides at concentrations many times greater than those used in routine
weed management programs. Climatic conditions may also be used to our. .advantage
in such programs. For instance, although both 2,4-D and 2,4,5-T are relatively
mobile in soils, over 90% of the undecomposed Orange material remaining in
field lysimeters after three years under the climatic conditions near Pullman,
Washington, could still be found in the 0-5 cm soil layer. The retention of
herbicide near the soil surface would facilitate subsequent soil management to
enhance herbicide degradation.
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III. EVALUATION OF AVAILABLE INFORMATION BEARING ON THE PROBLEM

Our previous research (5,6) has disclosed a number of soil conditions or prop-
erties that could be conducive to herbicide degradation. An important factor
affecting the degradation of Orange material in soils was found to be the
herbicide concentration. When the herbicide concentration exceeded an apparent
threshold level, the capability of that soil to degrade herbicide almost com-
pletely disappeared. It is essential to determine if this disappearance could
be reversed by decreasing the soil herbicide concentration, as by mixing con-
taminated soil with untreated soil. If dilution does indeed enhance degradation,
this method could provide a means for eliminating contamination problems on at
least a limited scale.

Another factor limiting a soil's capacity to dissipate herbicide is its inherent
soil acidity. Edwards (3) showed that organophorus insecticides persist longer
in acid soils than in neutral to slightly alkaline soils. The low pH of the
Mississippi soil used in our studies,-for example, probably had a major influ-
ence on its low capacity for degrading herbicide or even for supporting plant
growth. Moreover, additions of massive amounts of Orange material lowered the
pH of this soil even further. Low pH bodes a hostile environment for both
bacterial and actinomycete microorganisms, which af*e the major soil decomposers
of phenoxy herbicides. By raising the pH of highly acid soils, a more suitable
environment is provided for these microorganisms, and problems with aluminum
and micronutrient toxicities are lessened or even eliminated. We have used the
Shoemaker, McLean and Pratt (SMP) buffer method to determine;the lime require-
ments of the soils used in our previous studies. From Table 1, -it can be seen
that the Mississippi soil required 40% more lime to raise its pH to,6.5 than,
does the slightly-acidic Washington soil.

A third factor contributing to limited soil degradation capacity may be a poor
fertility status. Few studies have examined the total fertility status of
soils in relation to degradation capacities. Most studies on amended soils, in
fact, have concentrated on the supply of energy sources such as C and N, which
may enhance or suppress herbicide degradation depending on the relative de-
gradability of the compound. A fertile soil generally supports a healthy and
diverse microbial population, which should be capable of degrading large amounts
of herbicide. Soil tests (Table 2) indicate that the Mississippi soil is
severely deficient in several nutrients necessary for plant growth. Young et
al. (9) reported that the addition of various soil fertility amendments to a
nutrient-deficient Florida soil enhanced dissipation of Orange material, and
calcium polysulfide has been found effective in accelerating simazine detoxifica-
tion (4). On the other hand, simazine (2-chloro-4,6-bix(ethylamiho)-s-triazirie)
(1) and amitrole (3-amino-s-triazole) (8) phytotoxicities have been found in-
creased in at least some cases by increasing soil phosphorus levels, so the
effect of soil fertility status on herbicide degradation remains poorly defined
at present.

A fourth factor having bearing on the degradation process is the revegetation
of contaminated areas. Enhancement of herbicide degradation in the presence
of plants has been demonstrated (2). Growth of plants on or near contaminated
areas should also:
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Table 1. Lime Requirements* of Soils Used in Previous Studies With Orange
Material.

Soil
Origin

Wyoming
(clay loam)

Washington
(silt loam)

Mississippi
(sandy loam)

Organic
Matter

3.8

5.0

2.2

Clay

26.4

22.9

8.0

pH in 1:2
Soil: Water
Suspension

7.3
(si. alkaline)

5.5
(acid)

4.7
(v. acid)

pH of Soil
Buffer
Suspension

not tested

5.9

6.2

Lime
Requirement

+fMr»e / AUUilo/ n

none

4.6

6.4

*Estimated to raise soil pH to 6.5.

Table 2. Soil Fertility Measurements for the Three Soils Used in Previous
Studies With Orange Material.

Soil
Origin

Wyoming
(clay loam)

Washington
(silt loam)

Mississippi
(sandy loam)

Organic
Matter

%

3.8

5.0

2.2

Phosphorus

3.7
(low)

9.6
(moderate)

0.2
(extr. low)

Potassium

ppm

247
(high)

232
(high)

22
(v. low)

Calcium Magnesium

62.9 3.3
(v. high) (high)

11.1
(high)

0.35
(v. low)

2.3
(high)

0.11
(v. low)
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a) Provide a continuous source of organic matter through root and stem
decomposition, hence favoring soil microbial bioactivity;

b) Reduce downward leaching of herbicides by limiting the amount of
water percolating and by recycling mobile herbicides back to the
soil surface through root uptake; and

c) Improve the aesthetic appearance of contaminated zones while degrada-
tion proceeds.

It may, of course, be necessary to prevent ingestion of the plant material in
order to'control entrance of the herbicides into the food web.

Another aspect of elucidating herbicide degradation processes in soils is the
potential hazard of toxic metabolite accumulation from the parent herbicide.
For instance, it is necessary to accurately predict whether metabolities such
as chlorinated phenols may accumulate in soils treated with massive dosages of
Orange material, and whether the metabolites will be resistant to further
microbial breakdown. In their pure forms, di- and tri-chlorophenols are con-
sidered toxic irritants, and are more hazardous to humans than either 2,4-D
or 2,4,5-T. Our research has shown that soils from both Washington and
Mississippi have demonstrated capacities to significantly degrade diehlorophenols
to carbon dioxide in concentrations ranging from 1 to 100 ppm, though the
Mississippi soil showed little capacity to degrade tri-chlorophenol (Figs. 1
and 2). From our previous studies, we have already collected soil samples that
have been incubated with massive quantities of Orange material for varying
lengths of time. These samples should provide an excellent opportunity to
determine if chlorinated phenol metabolities are accumulating in the soils.

IV. OBJECTIVES:

1. To evaluate under laboratory and field conditions the efficacy
of various soil amendments or treatments in enhancing the
degradation of massive quantities of herbicide in 'soils, using
Orange material as a test chemical.

2. To identify and assess the potential for accumulation of degra-
dation products in soils treated with massive quantities of
Orange material.

V. PROCEDURES:

The overall research effort will consist of two phases, a laboratory evaluation
phase and a field testing phase.

Phase I of the project will include the screening of numerous soil amendments
judged to be expedient for enhancing the degradation of Orange material in
soils, particularly with respect to the relatively ineffective Mississippi
soil which was studied previously. Amendments will include lime, fertilizers
and organic materials (dewatered manures and sludges). An additional treat-
ment will involve mixing with various proportions of uncontaminated soil, to
simulate discing, plowing, or even deep plowing of contaminated soil. Levels
of lime and fertilizers will be adjusted according to soil testing recommenda-
tions. The efficacy of these amendments for promoting Orange decomposition
will be tested in laboratory incubation studies. Previous comparison of data
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from field mini-lysimeters with data from laboratory incubations has shown that
laboratory incubation results can be used as an indicator of soil capacity to
degrade 2,4-D and 2,4,5-T. Soils freshly treated with Orange material, as well
as soils containing Orange residues from our previous incubation studies (5),
will be used in this phase of the research. Since the later soils have al-
ready been incubated in contact with Orange material for over 6 months under
aerobic conditions, they are suitable to simulate high concentration residues
weathered under field conditions, such as in our mini-lysimeters (5).

In addition to the screening of soil amendments, methods will be evaluated for
extraction of chlorinated phenol metabolites from a number of mini-lysimeter
soil samples. The evaluations will include use of a modification of the
Sephadex procedure formerly employed for the chloro-phenoxy acids themselves (5)

Phase II of the project wilV'include -fi-e'Td* testing of amendment treatments
judged superior in terms of enhanced herbicide degradation. These amendments
will be applied in split-plot applications to the 22 existing field mini-lysi-
meters previously treated with Orange material at the Witlow Conservation Farm
near Pullman, WA. One-half of the mini-lysimeters will be treated with soil
amendments, and the other half will remain untreated. The efficacy of the
amendment treatments under field conditions will be evaluated both by plant
bioassy (by seeding the lysimeters with phenoxy-acid sensitive and resistant
plant species) and by chemical soil analyses. The soils will be sampled
periodically to provide a quantitative measure of residual herbicide levels.

Phase I will require 8 months for completion, whereas Phase II is estimated to
require an additional two years. . .
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Itemized Budget for Phase I:

Object Amount

Direct Salaries
(Full time research associate, 8 months) $16,667

Employee benefits (23% of salaries) 3>833

Supplies and Services 3,978
Travel* 3,500

Total Direct Costs: $27,978
Indirect Costs (42% of Direct Costs): 11,750

Total: $39,728
*Includes international travel for the principal investigator to return to
Pullman for initiation of the proposed research and for participation in a
symposium in Toronto in February 1980 to discuss the ongoing research program.

Proposed time frame for Phase II: 1 September 1980 - 31 August 1982.

Itemized Budget for Phase II:

Object Amount Amount
(1 year) (2 years)

Direct Salaries
(1/2-time research assistant) $6,000 $12,000

Employee benefits (12% of salaries) 720 1,440
Supplies, Services and Travel 2,500 5,000

Total Direct Costs: $9,220 $18,440
Total Indirect Costs: $3.872 $ 7,744

Total: $13,092 $26,184
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DEPARTMENT OF THE AIR FORCE
USAF SCHOOL OF AEROSPACE MEDICINE (AFSC)

BROOKS AIR FORCE BASE, TEXAS 78235

30 Dec 79

Mr. Joseph T, Majka
Research Assistant
Department of Agronomy and Soils
Washington State University
Pullman WA 99163

Dear Joe

Thank you for a copy of your report on "The Fate of Herbicide Orange Applied
to Three Soils at Massive Rates". I complement you on the thoroughness of
the report,

I have reviewed your research proposal on "Enhancement of Herbicide Degradation
in Soil" and have forwarded it to the Air Force Office of Scientific Research,
Washington DC. I will be meeting with personnel in that organization in
the next few weeks and I hope to receive support for your proposal.

I have attached a copy of a recent technical report on our studies at Gulfport
MS that will be of interest to you0 Our data support both degradation of the
herbicides and minimal soil penetration. Your data on the Oulfport soils
support only the latter (95% of the herbicide remains in the top few centimeters
of soil). I believe the discrepancy can be accounted for because of the
differences in pH between your plots and the actual Herbicide Storage Area
(p!l 4.0 versus pll 5,6). Your research proposal will probably verify this
observation.

I hope to have funds available to attend your doctoral orals on 25 Jan 1980.
T shall keep you informed of my travel arrangements.

Sincerely yours,

ALVIN L. YOUNG, Major, USAF, Ph.D. 1 Atch
Environmental Sciences Consultant OHHL-TR-79-169

cc. Major William J. Cairney
USAF Academy CO 80840



WASHINGTON STATE UNIVERSITY
PULLMAN, WASHINGTON 99164

DEPARTMENT OF AGRONOMY AND SOILS

MEMORANDUM

To: Joe Majka

From: T. J. Muzik O

Date: January 18, 1980

Subject: Final approval of Ph.D thesis

Your committee agrees that your thesis would be much stronger if the
following changes are made:

1. Add several pertinent references to the bibliography.

2. Add appropriate statistics to your tables so that the
significance or nonsignificance of the data becomes
evident.

3. Add the exact details of the formulation used.

4. Add a section on precautions used in handling the orange
material and the soil.

5. See Dr. Elliot about "osmotic effect".

We hope that you will proceed forthwith to make these changes so that we
can approve the thesis.

mka

cc: D. F. Bezdicek
L. F. Elliott
J. C. Engibous
R..A. Gilkeson
H. H. Cheng .
A. L. Young *



EKO/Major Young/dd/2411/22 Jan 80

0r iJtieph Majka
JJipartment ©f Agronomy and Soils

State University
WA 19154

Dear <Joe

Again, eojigre%ala£lcwf on successfully completing your Doctoral
! enjoyed the opportunity of att«ndf«g ye*Hf tftftwse sesslw,
discussion last Friday, I hav* tnelettd 8«w r
I believe that the vmrk by Oouldtng CAtsli t}» Stark et al.
Arnold H al. (Atch 3} ttiould be cH«d Ifl year dlfserWtl
alio suggest you loafe earefutly at tfca tttor^sry &tvi$y
(Atch 4). You could cite the ̂ rk at a flfiiT report
yiAr Aeadewy under the specif fed contract iwwfeer. I
a 11st of references en "The Effeetrtf ?heri®xy f
^0ani8«»H (Ateh 6) that I complied last year, TJje art1clet
(Reftrenee 218} f$ a must for your review.

I hope that yoa are able to rapidly complete yeur
and addition! to the dissertation. I presume yo» will llkewiie
the Technical Report for 0r Gatrney *o that it can be pu
this spring. I will keep in eoritaet wit^ fw Eoncemins; a
post deetora^ elfsrt; ' I

Sincerely

,y$AF* Ph.D.
Consultant, Environmental Sciences

S Atch •>.-;- '-;:--^--:/^
1. Waste Pesticide Management
Report "

i;
4.
5*

Uboratdry
Wterature

Cy to: Dr
Wllliaw
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24 Jan 80

Joe

Please find attached
a new literature citation
S abstract for your review.

I have also attached a write-

Trnn" ̂  Safe ha"dli»g of
i, to read
is before you prepare a

statsment for your dissertation

are
you'.!!

ALVIN L YOUNG, Major, USAF
Consultant, Environmental Sciences
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Ic^nt mobile primary nutrient in the solli most of it 13 ramoved
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REPLY TO r- If
ATTN OF: C. IN

DEPARTMENT OF THE AIR FORCE
USAF SCHOOL OF AEROSPACE MEDICINE (AFSC)

BROOKS AIR FORCE BASE, TEXAS 78235

25 January 1980

SUBJECT, Trip Report, Washington State University, 16-19 Jan 80

T0. USAF OEHL/ECE
USAF OEHL/CV
USAF OEHL/CC

1. Place: Department of Agronomy and Soils, Washington State University,
Pullman, WA

2. Inclusive Dates of Travel: 16-19 Jan 80

3. Person Making Trip: Major Alvin L. Young

4. Mode of Transportation: Commercial Air

5. Purpose of Trip: To close-out contractual research in support of the
Herbicide Orange Site Monitoring Project (USAF OEHL Special Project 78-8A)
and to review Ph.D. Dissertation prepared from support of this study.

6. Persons Contacted:

Or James Engibous, Head and Professor of Agronomy, Department of
Agronomy and Soils

Dr Thomas J. Muzik, Professor of Agronomy

Dr Dean Swan, Professor of Agronomy

Dr Larry F. Elliott, Microbiologist, Professor of Soils

Dr David F. Bezdicek, Microbiologist, Associate Professor of Soils

7. Comments and Observations

In 1976 the USAF Academy (USAFA/DFLS) initiated a contract with the
Department of Agronomy and Soils, Washington State University, for research
into the soil degradation of high concentrations of Herbicide Orange. The
project was designed to be a research program for a doctoral candidate
assigned to Dr H. H. Cheng. Funds for this research program were provided
from HQ AFLC/LO, WPAFB, with contract and technical supervision provided
from the USAF Academy and USAF OEHL. The total expenditure for this project
has been $35,425. The project involved three phases:

Phase I - Laboratory degradation study using radio-labelled herbicides.



Phase II - Fate of herbicides in field mini-lysimeters.

Phase III - Mobility of herbicides in field mini-lysimeters.

Each phase required the monitoring of the herbicide in three types of
soils including one from the Naval Construction Battalion Center, Gulfport,
MS.

The present TOY was to review the culmination of three years of research
by the Graduate Student, Mr Joseph T. Majka; to review the dissertation; and
to attend, as a Committee Member, the dissertation defense. Attachments 1
and 2 are the title page and Table of Contents and the abstract for the
dissertation. Mr Majka successfully defended the dissertation, but final
signature for the dissertation is pending revisions and two additions to
the manuscript. I requested the Committee require Mr Majka to include the
following two additions to the dissertation:

a. A detailed description of the Herbicide Orange formulation provided
WSH, including level of TCDD. This information had previously been pro-
vided to Mr Majka at the initiation of the study.

b. A section in the Methods and Materials on the safe handling of the
herbicide, contaminated soils and contaminated laboratory supplies. I
also wanted the statement to include the method for disposing of the con-
taminated wastes.

"Dr" Majka has prepared a draft Technical Report on the research to be
published by the USAF Academy within the next few months.

The Air Force support of a graduate student investigating environmental
fate of Herbicide Orange has been, in my opinion, a real "plus" for the
Air Force. We have obtained needed research data and we have displayed to
the academic and scientific community a concern over a difficult environ-
mental problem. Moreover, we have left a very favorable impression of the
Air Force research community with the faculty and students of Washington
State University.

8. Funds for this TOY were provided from USAF OEHL and totalled $590.00.
I express my appreciation to USAF OEHL/CC for the support given to this
project and to permitting my continued participation as a Doctoral Commit-
tee member far Joseph T. Majka.

ALVIN L. YOUNG, Major, USAF, Ph.D. 2 Atch
Consultant, Environmental Sciences 1. Title page and Table of Contents

2. Abstract

cc.' Maj William Cairney



WASHINGTON STATE UNIVERSITY
PULLMAN, WASHINGTON 99164

DEPARTMENT OF AGRONOMY AND SOILS

January 30, 1980

Dr. H. H. Cheng
Arbeitsgruppe Radioagrononrie
der Kernforschungsanlage Julich gmbH
D-5170 Julich, Postfach 1913
FEDERAL REPUBLIC OF GERMANY

Dear H.H.:

I want to bring you up to date on the status of our cooperative work with
the Air Force, from my perception, at least.

Joe Majka successfully defended his thesis, and hopefully met the 28 January
deadline to have his thesis accepted. I am not comfortable when we push
the deadlines and university regulations as hard as we did on this one.

Major Young tells me that FY 1980 research funding has not yet reached the
operating level in his organization, and when it does, permission is neces-
sary to negotiate contracts. Realistically, it will take up to two months
to move a contract covering a postdoctoral appointment for Joe to the point
where it is finalized or solid enough to "borrow against."

.To cover Joe's research during this period, we will appoint him to a 0.5
FTE Research Associate position through March 31. He wants so badly to
present his work at the Weed Science Society of America meeting that we
will subsidize that to the tune of $100.

In short, these actions are being taken to maintain continuity of our coop-
erative effort with the Air Force, recognition of the high quality research
coming from your program, and to provide assistance to Joe during this inter-
im period. Let's hope that everything falls into place during March.

We trust your research is going well,. Jo is not too busy, and the boys are
keeping our English colony in line.

Sincerely,

J./C/ Engibous, C.P.Ag.
Chairman

cc: J. Majka
L. L. Boyd/
A. Young+
I. J. Muzik



Soil Dissipation of Massive Applications
of 2,4-D and 2,4,5-T to Field Minilysimeters

J. T. Majka* and H. H. Cheng
Washington State University

Pullman, Washington

Experiments with massive applications of 2,4-D and 2,4,5-T to field

minilysimeters, simulating bulk herbicide spills on the soil, were con-

ducted to determine the soil persistence of these herbicides. Lysimeters

were installed in 1976 and 1977 using soils from Washington, Wyoming, and

Mississippi, which received 560 kg/ha or 2800 kg/ha of either 2,4-D or

2,4,5-T n-butyl ester. Analysis of the surface soils indicated that

2,4-D was more readily degraded than 2,4,5-T, that the 560 kg/ha rate of

each herbicide dissipated more rapidly than the 2800 kg/ha rate in both

the Washington or Wyoming soils, and that each soil had a certain limited

capacity to dissipate the herbicides. After 30 months, significant grass

revegetation appeared in both the Washington and Wyoming soils treated

with the 560 kg/ha rate, whereas no vegetation was present in lysimeters

treated with the 2800 kg/ha rate.

Abstract for Presentation to the 1980 National Meeting of the Weed Science
Society of America, Toronto, Canada,5 February 1980.



WASHINGTON STATE UNIVERSITY
PULLMAN, WASHINGTON 99164

DEPARTMENT OF AGRONOMY AND SOILS

March 5, 1980

Alvin L. Young, Major, USAF, Ph.D.
Consultant, Environmental Sciences
Dept. of the Air Force
USAF School of Aerospace Medicine (AFSC)
Brooks Air Force Base, TX 78235

Dear Major Young:

Hello there! After returning to Pullman from my vacation back East, followed
by a week long bout with the flu, I finally have had the chance to incorporate
the supplementary changes needed for the Air Force technical report. The en-
tire revised manuscript, along with the corrections, is enclosed. Another
copy will be sent to Major Cairney. The pages with the "x" in the upper left
hand corner are the pages that required the corrections.

Thank you for the literature sources, nearly all of which were included in
the enclosed thesis copy. Although I did not have sufficient time to elabo-
rate on the findings of some of the researchers, more attention will be given
to their work when we re-write the thesis chapters for publication. I have to
smile, recalling how I was ready to submit the final thesis draft to my typist
for the 3:00 PM deadline on Friday, when lo and behold your parcel with the
references finally arrived 11:00 AM the same day! Nice timing, Al.

Continuing the work on the enhancement of Orange degradation in soil, I am
constructing the laboratory apparatus we will be using to determine the most
effective treatments for degrading the herbicides in the Mississippi soil.
In addition, by next week I will mail Major Cairney soil samples from both
the incubation and field studies for microbial analyses.

In regard to the proposed field study at Gulfport, what is the availability
of the following items at the naval base?

1) Augers or other sampling devices - for collecting soil samples in the
soil profile.

2) Spreader - for quantitative applications of the lime or fertilizer ap-
plications.

3) Tool shop - for repairing or making special tools or equipment (i.e.
field plot partitions).

4) Small rototiller - for shallow incorporation of the lime, organic
residues, or fertilizers.

5) Field assistance - one person knowledgeable of the available equipment
who could assist me in setting up the field plots.

6) Sources of lime, organic matter, fertilizers - treatments to be applied.



Alvin L. Young
March 5, 1980
Page 2

7) Laboratory space - equipped with a drying oven and weighing scales.
8) Acetone, hose, water, plastic gloves and dust masks - for cleaning up

equipment after use and for handling contaminated samples.
9) Map of contaminated zones at the field site - to determine the plot size

(with distance scale) and quantities of amendments needed.

Please let me know if there is anything else I might require, not mentioned
above. Next week I will discuss the field experimental design with our stat-
isticians, and then plan the treatments accordingly. If we find, after apply-
ing the field treatments, that certain laboratory amendments or combinations
thereof prove to be more effective than the applied field treatments for en-
hancing the soil capacity to degrade the herbicides, we could correct the
experiment using a "sliding" approach. That is, larger amounts or the dif-
ferent amendments could be incorporated into the contaminated zones atop the
original treatments, sliding on the corrective or repeated treatments as
often as necessary.

On reflecting upon the oral examination, I'm glad you were able to attend.
Your participation in the oral questioning and your suggestions on the
written part (especially the pertinent references) certainly helped to
strengthen the thesis overall. Also, I stand corrected on the TCDD concen-
tration in our Orange stock - <0.02 ppm, not 0.1 ppm.

Please keep me informed as to the post doctoral effort. If there is anything
further I can do at this end, please feel free to call or write anytime.
Again, thanks for your support and cooperation for our program at WSU.

Sincerely,

Joseph T. Majka, Ph.D.
Post Doctoral Research Associate

JTM/vb

Enc.



WASHINGTON STATE UNIVERSITY
PULLMAN, WASHINGTON 99164

DEPARTMENT OF AGRONOMY AND SOILS

15 January 1981

Major W. J. Cairney
Dept. of Chemistry and Biological Sciences
U. S. Air Force Academy
Colorado Springs, CO 80840

Dear Bill,

New Year's greetings!

Attached please find copies of two manuscripts based on data presented
in Joe Majka's thesis. I apologize for the long delay in completing these
manuscripts. Joe's first effort was not satisfactory. After I returned from
my sabbatical leave last fall, we began the revisions. With Joe being in law
school in New Hampshire and I having many other tasks to face, the revision
process was slow. You will find the data collected by Joe were reworked in
the present version. Both manuscripts are presently under departmental review.
We would like to have your comments, suggestions, and inputs before we send
the approved version out for publication. We intend to publish them in the
Journal of Environmental Quality.

There will be a third manuscript coming out of Joe's thesis. It will
cover the laboratory incubation part. I am holding back this paper a little
bit, as we are conducting another experiment at this moment and may obtain
some additional data for this paper.

I am also sending copies of these two manuscripts to Major Young for
his comments. I look forward to hearing from you again.

Sincerely yours,

H. H. Cheng
Professor

HHC:j
cc: A. L. Young
Attachments

Dear Al, I obtained your address from TJM, who as you know will be leaving for Saudi Arabia
shortly. I understand that you will be returning to the Academy this summer. So you prefer
the "simple" academic life! I had a good year in Germany, having time to explore some ideas
for future research as well as to get away from all the administrative chores. Will you be
going to the Weed Sci. Soc. Am. meeting at Las Vegas in February? Hope to see you there.
Best regards. HHC
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